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Introduction 


This study deals primarily with the morphology and development of one of the most conspicuous 
groups in the Carboniferous floras, the arborescent Lycopsida. The amount of petrifaction material of 
these plants now available allows a consideration of many specimens by the so-called ontogenetic 
approach. Such a study is actually a more complete morphological treatment emphasizing changes 
during development. 

One of the major purposes of such a study is the separation of so-called “ontogenetic variability” 
(Morcan 1959), which is structural change present in an individual from one level to another in the 
plant body, from specific differences between individuals. The importance of this question of changing 
morphology at various levels in the plant as it relates to our interpretation of isolated petrifaction 
specimens of the arborescent Lycopsida will become apparent in the descriptive parts of this paper. 

A second purpose of ontogenetic studies of fossil plants is the adequate determination of changes 
with age, such as production of secondary tissues, and their affect on the morphology at various levels 
of the plant from the base to the apex. We cannot measure the absolute time involved in the develop- 
ment of the plant and its subsequent aging, but we cannot ignore the relative aspect since it obviously 
accounts for many of the differences among the specimens which might otherwise be interpreted as 
representing taxonomic differences. 

Two of the major goals of the present study are, 1) to understand the overall morphology of the 
plants and 2) the changes at various stages of development. Morphology, taxonomy, and development 
are all so interrelated that we cannot deal with one at the exclusion of the others. 

Unfortunately, most species of arborescent lycopsida, because of the nature of the type material, 
merely represent anatomical types. The philosophy upon which this approach is based has been expres- 
sed by Sewarp (1906): 

“The fragmentary nature of our material and the almost constant absence of external features in the case 
of petrified specimens are obstacles in the way of satisfactory identification and correlation; it is better to recognize 
the limitations imposed by imperfect knowledge, and to rest content with the application of specific terms to 
anatomical types without regard to those rare cases in which external and internal characters are supplied by 
the same specimen. The same anatomical type, or rather what the fragments at our disposal lead us to regard 
as the same type, does not necessarily imply identity in external features.“ 

Equally unfortunate, from the viewpoint of the morphologist, has been the outcome of the above 


approach over the years, which has led to an interpretation of the morphology of lycopsid species which 


is static and unrealistic in terms of the overall morphology of an entire plant. A lack of interest upon 
the solution of important morphological problems prior to those involving the taxonomy of this group 
seems to be characteristic of many of the studies that have been carried out. 


A different approach to the study of fossil plants has been to de-emphasize the specific characteri- 
zation of types, and to emphasize the delimitation of the taxa as entire plants. The works of WILLIAMSON 
(memoirs II, and III, 1872a, 1872b), Watron (1935), and PANNELL (1942) best exemplify this approach 
with the arborescent Lycopsida. When we speak of species in the arborescent Lycopsida we may be 
referring to a single anatomical type, or to a plant, with a variable range of anatomical conditions in- 
cluded in the same taxon. Many workers have been reluctant to apply specific names to their material, 
with some justification, because a specific name is often interpreted by some as something to be applied 
to a whole plant, and by others as an anatomical type. The following quotation from WıLLıamson’s 
(1872 b) third memoir is included here since it emphasizes the sentiments of the present writer and 
other paleobotanists. 

“It will be observed that in this memoir I have paid but little attention to generic distinctions and none to 
specific ones, because I am satisfied that we are not yet in a position to define either the one or the other. My 
object has been to ascertain, as far as I could, what are the principal types of structure, and what the ranges of 
their variation; but, on the latter point especially, very much remains to be done which can only be accomplished 
by the cooperation of multiplied observers, and especially of such as are investigating distinct localities where 
new varieties may be expected to obtain. By such observations alone can our mutual errors and oversights be 
corrected. Where examples of plants in which structure is preserved are rare, we are in danger of drawing 
general conclusions from individual varieties which happen to be sharply defined: hence it is most important that 
independent observers should not be deterred from again going over the ground by an idea that it is preoccupied 
or that the work is done. The present contribution, however carefully executed as far as it goes, is but that of 
a pioneer in a very wide and almost unexplored field.” 

In recent years it has become increasingly apparent that many aspects of the structure and develop- 
ment of Carboniferous forms, including the arborescent Lycopsida, cannot be determined by studies in 
which only small numbers of specimens are used. This limitation arises out of the basic nature of the 
morphology of many vascular plants, rather than from the completeness of the studies, and is due speci- 
fically to the changing morphology from one level to another in some plant bodies. These changes may 
involve a varying pattern of primary body construction (as in the genus Psaronius) (Morcan 1959), at 
other times an addition of secondary tissues and possible loss of portions of the primary body, and in 
some instances, a combination of both of these (as in Medullosa) (DELEvoryas 1955). 

The following system of notation has been adopted to refer to the genera of the specimens in the 
study. 

LD, Lepidodendron 
LP, Lepidophloios 
ST, Stigmaria 

S, Sigillaria 

Each specimen has been assigned an arabic number in combination with the above generic symbols, 
and the specimens have been grouped by species wherever possible. 


Ontogeny of the Arborescent Lycopsida 


Historical Survey and Background 


The question of the development of the arborescent lycopods was first treated in detail by 
Witutamson (1872 a, 1872 b) in his second and third memoirs on the plants of the British Coal Measures. 
If any single investigator is to be credited with first pointing out that the study of development forms 
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an important part of paleobotanical inquiry, such credit must go to Wiccramson. Indeed, in his third 
memoir, describing Lepidodendron brevifolium, he was already employing the technique of comparing 
developmental stages of many specimens in order to determine the relative positions they occupied in 
the plant and the specific changes which might have been involved in the development of the plant. His 
original interest in the growth of the group apparently continued for a long while, because he sub- 
sequently dealt with the question in the tenth memoir (Wırrıamson 1880), then devoted his entire six- 
teenth memoir to the problem (WırLıamson 1889), and again shortly before his death, published a modi- 
fication of his original proposals (WırLıamson 1895). 

Although the ideas which Wircramson held regarding the development of the primary body were 
invalid, he realized correctly the role of age and level in the plant in determining the significance of 
the extent of secondary stelar tissues. It was his interpretation that the larger primary steles were from 
more nearly basal levels of the plant than were the smaller steles, a conclusion which led him to publish 
a diagram of the morphology of a species such as L. brevifolium in schematic form (text fig. 20), in 
which the pith and primary xylem cylinder had maximum dimensions at the base of the aerial stem. At 
this same level the secondary xylem also reached its maximum thickness. The primary xylem, pith, 
and secondary xylem zone all decreased in size toward the branch apices, as the branch diameters 
decreased. 

Rather than viewing the various smaller branches as being in a mature condition, WILLIAMSON con- 
sidered them to be the immature stages of the successively larger axes, postulating that the xylem, 
pith, and cortex of the larger branches had arisen from the small terminal protostelic branches by a 
dedifferentiation of the various tissues into parenchyma. Further cell division of the parenchyma would 
then account for the increasing pith mass basally, while an addition of tracheids would account for the 
larger numbers of vascular elements in the larger primary cylinders. 

This interpretation was attacked by WıLLıamson’s contemporaries, RENAULT (1879) and SoLms-LAuBAcH 
(1891), who argued that the physical situation found simply could not be explained by WıILLIAMSoN’s 
hypothesis. His interpretation remains without support in any way from living plants. 

SoLMs-LAUBACH (1891) believed that the branch orders involved were not various stages of develop- 
ment of a single mature morphological type, but were rather of differing mature morphologies. This 
conclusion was accepted by Wizzramson (1895) in his last work on the subject. 

Our understanding of the development of the arborescent lycopods remained essentially at this 
stage, until Watton (1935) provided the most likely interpretation of the stelar morphology of the base 
of the primary aerial stem. As will be described later in greater detail, this allows us to derive the 
upright aerial portions of the plant from a small protostelic sporeling, whose primary body became 
progressively more massive as the plant developed. This interpretation corrected the idea that the 
largest primary xylem cylinders represented the basal levels. The study of Anprews and Murpy (1958) 
provides us with an idea of the massiveness of the primary body in branches of one species of Lepido- 
phloios. These authors believe that the maximum primary dimensions began to decrease progressively 
in size with the onset of the first branching of the primary aerial stem, and that progressive diminutions 
ultimately led to a cessation of growth of the vegetative branches after they had become minute proto- 
stelic axes. 

At present, emphasis on the basic morphology of the branched species of arborescent lycopods 
appears to be of greater importance to the development of a more exact understanding of the group than 
is the specific question of the complete cessation of the growth of the plants, although this latter point 
is interesting, and will be dealt with in the discussion section. 

The general subject of the ontogeny of the arborescent lycopods has been re-examined utilizing 
the great amount of material now available in the various collections of Carboniferous plants in the 
United States. The major aspects of the study concern the morphology of the primary body, changes in 
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the morphology at various levels as the plant grew, changes caused by the development of secondary 
tissues, such as the loss of primary parts, and changes in external appearance. These aspects of develop- 
ment are followed for the entire plant from the sporeling stage, to the old forest tree, scores of feet tall. 


An idea of the species and their designations included in the present study is provided by the listing 
below. 


Lepidodendron: 


L. dicentricum Feuıx. LD-2. 

L. scleroticum PannELL. LD-3, through LD-17, LD-62. 

L. serratum Feuıx. LD-60, through LD-61, LD-70, 71. 

L. vasculare Binney. LD-63, through LD-69. 

L. species. Not given specific name, from Hyden, Kentucky. LD-18, through LD-59. 


Lepidophloios: 
L. kansanus (FELıx) EGGERT. comb. nov. LP-1, through LP-5, LP-15. 


L. pachydermatikos Anprews and Murpy. LP-6. 
L. wuenschianus CARRUTHERS. LP-7, through LP-13. 


Sigillaria : 


S. approximata FONTAINE and WHITE. S-1, through S-6. 


Stigmaria : 
S. ficoides Broneniart. ST-1, through ST-5, ST-12. 
S. bacupensis Scorr and Lane. ST-6, through ST-11. 


Directory of Specimens 


The following list refers to all the specimens included in the study. The collection in which each 
specimen is housed is included, together with collection numbers when available. 


The collecting localities of some of the specimens of English species such as Lepidodendron vasculare 
have not been recorded, so that we can only report their origin as English Coal Measures. 


Detailed information concerning collecting localities is included for new collecting sites. The exact 
location of the Berryville, Illinois, site may be found in a paper by Mamay (1957); that of the Calhoun, 
Illinois, site has been described by DeLevoryAas (1957); the Pyramid Mine locality has been described 
by Anprews (1942); and the McAlester site has been dealt with in detail by Mamay (1959). The strati- 
graphy and location of the West Mineral, Kansas, site have been discussed by Mamay (1954). 

Cellulose acetate, or nitrocellulose peel preparations of all the specimens (with the exception of 
specimens LP-7 through LP-13 of Lepidophloios wuenschianus) may be found in the Paleobotanical 
Collections of the Department of Botany, Yale University. Those specimens which were mounted on 
glass slides are indicated by the letters Sl. immediately following the specimen number. All the slides 
are in the Yale Collection cited above. 


Miscellaneous Lepidodendron spp. 
Specimen LD-1 i 
Yale University Coal Ball 289. 
Sahara Coal Co. Mine. Sec. 30, T9S, R4E, Harrisburg Quadrangle, about four miles northwest of Carrier 
Mills, Illinois. 
Specimen LD-2 


Lepidodendron dicentricum, Washington University Coal Ball, West Mineral, Kansas. 


hy Been 


Lepidodendronscleroticum 


Specimens LD-3 through LD-10 
Washington University Coal Balls. Pyramid Mine, Pinckneyville, Illinois. 
Specimen LD-11, SI. 
University of Illinois Coal Ball 62. New Delta, Illinois. 
Specimen LD-12 
Washington University Coal Ball. Pyramid Mine. 
Specimen LD-13 
University of Illinois Coal Ball 62. New Delta, Illinois. 
Specimen LD-14, SI. 
Yale University Coal Ball 286. Sahara Mine. 
Specimens LD-15 through LD-17, SI. 
Washington University Coal Balls. Pyramid Mine. 
Specimen LD-62 
University of Illinois Coal Ball 2819. 
Gentry (old) Mine. Sec. 29, T8S, R1E, Herrin Quadrangle, approximately 1/2 mile north of Cambria, Illinois. 


Lepidodendron sp. 


Specimens LD-18 through LD-45, and specimens LD-52 through LD-59, Sl. 
University of Illinois Coal Ball 2188. 
From a locality approximately three miles west of Hyden, Kentucky. 
Specimens LD-46 through LD-51, SI. 
University of Illinois Coal Ball 2190. Hyden, Kentucky. 


Lepidodendronserratum 
Specimens LD-60, LD-61, SI. 
Yale University Coal Ball 74. West Mineral, Kansas. 
Specimen LD-70 
Washington University Coal Ball 798. West Mineral, Kansas. 
Specimen LD-71, Sl. 
Yale University Coal Ball 74. West Mineral, Kansas. 


Lepidodendronvasculare 

Specimens LD-63, LD-65 

University of Michigan, Museum of Paleontology Collection. English Coal Measures. 
Specimen LD-64, SI. 

Yale University Paleobotanical Collection, Department of Botany. English Coal Measures. 
Specimen LD-66, Sl. 

University of Michigan, Museum of Paleontology Collection. English Coal Measures. 
Specimen LD-67 

University of Kansas Paleobotanical Collection. English Coal Measures. 
Specimens LD-68, LD-69, Sl. 

Washington University Paleobotanical Collection. English Coal Measures. 


Miscellaneous Lepidophloios spp. 
Specimen LP-6 


Lepidophloios pachydermatikos. University of Illinois Coal Ball 2809. New Delta, Illinois. 
Specimen LP-14 


Lepidophloios cf. fuliginosus. University of Illinois Coal Ball. English Coal Measures. 


Lepidophloios kansanus comb. nov. 

Specimens LP-1, LP-4, LP-15 

Washington University Coal Balls. West Mineral, Kansas. 
Specimen LP-2 

University of Illinois Coal Ball. West Mineral, Kansas. 
Specimen LP-3 

Yale University Coal Ball 99. West Mineral, Kansas. 
Specimen LP-5 

Yale University Coal Ball 284. West Mineral, Kansas. 
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Lepidophloios wuenschianus 
Specimens LP-7 through LP-12 


Peel preparations of the Arran species in the collection of C. B. Beck, University of Michigan. 
Island of Arran, Scotland. 


Specimen LP-13 


Measurements based upon the published figures of the stem in the 1935 work of Watton. Plate II, fig. 11, 
and Plate III, fig. 23. 


Sigillariaapproximata 
Specimen S-1 
Yale University Coal Ball 53. Calhoun, Illinois. 
Specimen S-2 
Yale University Coal Ball 44. Calhoun, Illinois. 
Specimens S-3 through S-6 
Yale University Coal Ball 4. Calhoun, Illinois. 


Stigmaria ficoides 
Specimen ST-1, Sl. 
University of Illinois Coal Ball. McAlester, Oklahoma. 
Specimen ST-2 
University of Michigan, Museum of Paleontology Collection, Pettycur, Scotland. 
Specimen ST-3 
Yale University Coal Ball 288. Sahara Mine. 
Specimen ST-4 
Yale University Coal Ball 262. English Coal Measures. 
Specimen ST-5 
Yale University Coal Ball 327. Given, Iowa. 
Specimens ST-6 through ST-11 
University of Michigan, Museum of Paleontology Collection. English Coal Measures. 
Specimen ST-12 
Yale University Coal Ball 285. Sahara Mine. 


Stratigraphic Information 


Arran, Scotland, locality Calciferous Sandstone series, Lower Carboniferous. 

Berryville, Illinois, locality Upper McLeansboro group, Upper Pennsylvanian System. 

Gentry (old) Mine, locality Top of Carbondale group, Middle Pennsylvanian System. 

Given, Iowa, locality Des Moines series, Middle Pennsylvanian System. 

Hyden, Kentucky, locality Pottsville group, Pennsylvanian System. 

McAlester, Oklahoma, locality Boggy shale, lower Des Moines series, Middle Pennsylvanian System. 
New Delta, Illinois, locality Top of Carbondale group, Middle Pennsylvanian System. 

Sahara Mine, locality Top of Carbondale group, Middle Pennsylvanian System. 


West Mineral, Kansas, locality Cherokee shale, Des Moines series, Middle Pennsylvanian System. 


I. Structure and Development of Aerial Portions of Lepidodendron and Lepidophloios 


A. Stelar Morphology of Isolated Specimens 


A wide variety of stelar conditions is present in the aerial portions of the various species of arbo- 
rescent lycopods. Many of the different stelar types have been variously interpreted both as being charac- 
teristic of taxa, and as developmental stages, i.e. characteristic of only part of the plant body. The pur- 
pose of the following section is to present the major aspects of stelar morphology found in isolated spe- 
cimens. The question of interpretation will be dealt with later. 


Palaeontographica. Bd. 108. Abt. B. 


The primary Xylem is exarch and is always cylindrical in form, except at the levels of branching, 
where it is laterally distended. The outer margin may be smooth, or may have a so-called “corona” 
consisting of longitudinal ridges, usually terminated sharply on their outer margin by the protoxylem 
strands. 

Very small steles are protosteles, made up of homogeneous vascular elements. In Lepidodendron 
dicentricum, however, the stele, although made up entirely of tracheids, is differentiated into an inner 
region of short barrel-shaped elements, and an outer zone of elongate elements (Feux 1952). The stele 
of this species is known to have retained this form and histological makeup, up to a xylem diameter of 
at least 9 mm. A stele of Lepidodendron rhodumnense, figured by Renaurr (1879) with dimensions of 
15 mm X 22 mm, may be a solid protostele, the largest such stele yet found in the group. There is some 
question, however, as to whether this stele actually was solidly tracheidal, since the xylem is split 
from the outer margin to the center, and a space occurs in the central area which could represent an 
unpreserved parenchyma zone. Solid protosteles less than 100 microns in diameter occur (e. g. LD-55, 
text fig. 26), and represent the minimum dimensions of the stele in the group. 

Protosteles with a mixed pith of parenchyma and tracheids occur in some species and have been 
reported for both the genera Lepidodendron and Lepidophloios. Such steles are usually of small diam- 
eter, overlapping the size range of both the solid protosteles which are generally smaller, and the true 
siphonosteles, which are usually larger. The influence of the size factor is clearly present in the stelar 
morphology of the arborescent lycopods, as Bower (1930) originally pointed out; however, the specific 
morphological responses of various species to this causative factor have been different. In Lepidoden- 
dron vasculare, for example, mixed protosteles ranged in cross-sectional dimensions from 1.5 mm X 
1.9 mm to 9 mm X 9 mm, whereas in L. scleroticum the stele had a completely parenchymatous pith at 
a smaller diameter, as little as 1.56 mm (PANNELL 1942). In twigs of the Hyden, Kentucky, Lepidodendron, 
the range of diameter of solid protosteles extended from approximately 75 microns (LD-55) to 395 
microns (LD-51), while the true siphonosteles had as small a diameter as 215 microns(LD-42). In this form 
the change from a solidly tracheidal stele to a stele with a completely parenchymatous pith did not 
involve an intermediate condition of a mixed pith, although occasionally scattered tracheids occur in 
the pith of a very few steles. 

In general, the primary cylinder of larger steles has a wholly parenchymatous central pith, made 
up of homogeneous or heterogeneous cells, and occasionally exhibiting zonation (as in Lepidodendron 
johnsonii, ARNoLD 1940). The primary xylem of siphonosteles often reached a diameter of several cen- 
timeters. For example, Ferıx (1952) found primary cylinders of L. kansanus to be as large as 50 mm in 
diameter (Table 5b), and two specimens of the same species discovered since his work have even more 
massive primary cylinders. The specimen referred to here as LP-4 (text fig. 31; Pl. 12, fig. 28) is estimated 
to have had a diameter of 57 mm for the primary xylem column alone, while the diameter of the pri- 
mary xylem cylinder of LP-5 (text fig. 30; Pl. 12, fig. 27) is estimated at 56 mm. The primary xylem 
cylinder is known to vary from 7 mm to 40 mm in diameter in Lepidodendron johnsonii (ARNOLD 1940), 
and from 2 mm to 36.5 mm in Lepidophloios wuenschianus (WaLron 1935, WırLıamson 1895). 

To summarize, small primary xylem cylinders tend to be solid protosteles, and large ones tend to 
be siphonostelic, while mixed protosteles occupy an approximately intermediate size range. As has 
been previously mentioned, Bower (1930) was the first to point out this relationship between stelar 
medullation and stelar diameter. Numerous authors have supported this idea on the basis of many 
additional specimens (Arnorp 1940, PAnnELL 1942, FeLıx 1952, DeLevorvas 1957). The present study also 
points up this relationship. Stelar size is thus one factor that determines stelar form in the arborescent 


Lycopsida, and points to the basically homoplastic nature of medullation as related to size of the pri- 
mary xylem cylinder. 


At this point a few general comments should be made about the extent of secondary xylem deve- 
lopment in isolated specimens, prior to the description of the general trends in stelar and cortical mor- 
phology from level to level in the plant. 

Considering all the specimens of Lepidodendron and Lepidophloios, we may state that any stelar 
type with practically any diameter of primary cylinder may or may not have secondary xylem. The 
opinion, which is to be presented here, is that secondary xylem is not of any use as a taxonomic crit- 
erion, instead it is a measure of the stage of development of any isolated fragment generally reflecting 
the position in the plant, and the relative age of the stem part. This viewpoint will be presented in 
detail, after the primary plant body is characterized for the entire plant, since this is the key to the 
interpretation of the various amounts of secondary xylem found in the isolated parts of the plant. 


B. Morphology of Conspecific Stem Series 


To obtain some idea of the nature of the variability of the specimens series of stem specimens which 
were histologically similar were studied. As more stems are compared of the anatomical types or species, 
certain trends in the morphology emerge: there is an increased range in the size of the branches and 
primary xylem cylinder and the amount of secondary development in the various specimens is found 
to vary over a greater range. With more stem fragments the anatomical types become blurred and 
more and more intermediate forms close the gaps between what seemed to be distinct types of struc- 
ture. If all the stems of each series represent the same species, the differences among the specimens 
must therefore be other than specific differences. It must be borne in mind however that the species we 
are dealing with are being delimited only on the basis of the structure of the cauline parts. 


Table 1. Dimensions of stems of Lepidodendron vasculare.* 
Measurements are in millimeters, and were made from transverse sections. 


LD + dimensions of width of diameter of | diameter of + of 
dimensions the xylem _ | primary xylem | secondary xylem mixed pith |primary xylem | leaf bases 

63 4.0 X 3.5 DIT 2.8 Wey Sa ATOM: Mxpr 8 127 NP 
64 25022 4.8 X 4.6 310229 3.0213 Mxpr 1.8 3.0 NP 
65 152105 Nea es lke same NP Mxpr all 1555 16 
66 25% 16 app. 9 3 to 9 Mxpr 4.0 9.0 N P 
67 24 X17 SOP G29 Dah OX ONG 021003 Mxpr 125 2.65 25 
68 16275 DD PAT same NP Mxpr 1.0 2.05 NER 
69 3.6 X 1.8 0.17 X .225 same NP Dr IN .195 9 In. 


1. Lepidodendron vasculare 


Several specimens of this species were studied, the dimensions of which are presented in Table 1. 
All the specimens are relatively small branches varying in diameter from about 2.5 cm (LD-64) to 


* The tables in the text contain the measurements made from the various specimens in the study. The notations 
used in the tables are the following: 


NP Structure etc. being measured, not present. 

Mxpr Protostele with central mixed area of tracheids and parenchyma. 

Er Solidly tracheidal protostele. 

Si Siphonostele. 

In Specimen incomplete for the structure being measured. 

Est The estimated number of leaf bases present at one level. This number was obtained by dividing the circum- 
ference of the stem by the maximum cross-sectional dimension of the largest leaf base present. The estimate 
therefore represents a minimum: number of leaf bases which would be sectioned at a given level on the stem. 


Those dimensions which are reported as diameters were calculated to obtain some idea of the original size of 
the branches prior to the distortion which occurred during the preservation of the material. In the case of larger stems 
the diameter was calculated from the actual circumference of the stem in its distorted condition. A planimeter was used 
to measure the circumference. In the case of the smaller stems, where it was not possible to measure the circumference 
directly, the diameter was obtained by summing the largest diameter of the specimen and the smallest diameter perpendi- 
cular to it, and dividing the total by two. Since most of the stems are approximately elliptical in outline, this procedure 
results in a fairly accurate determination of the diameter. 
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approximately 2.5 mm (LD-69). One stele with xylem dimensions of 2.5 cm X 1.6 cm is included in the 
series (text fig. 1—7; PI. 11, fig. 1—4) to illustrate an example of what must have been a considerably 
larger stem. 


In mixed protosteles the diameter of the primary xylem ranges from approximately 1.5 mm to 
9.0 mm. A very small twig (LD-69) (text fig. 1; Pl. 11, fig. 1), measuring 3.6 mm X 1.8 mm, which appears 
to be referrable to the same species as the larger specimens on the basis of cortical tissues, has a primary 
xylem cylinder consisting of a solid protostele 190 microns in diameter. 

Certain definite trends are evident from the specimens. First, the stelar diameter is correlated with 
the overall diameter of the branch to a certain degree. This may be seen by comparing the line draw- 
ings and photographs of the specimens cited above. Second, we may observe that the larger branches 
with larger primary stelar strands have greater development of both secondary xylem and secondary 
cortical tissues. In those specimens where leaf bases are still in attachment, it can be seen that the larger 
branch (LD-67) (text fig. 3; Pl. 11, fig. 4) has approximately 25 bases at a level, while LD-65 (text fig. 2; 
Pl. 11, fig. 2), with a smaller primary stelar strand and smaller overall dimensions, has 16 bases at a level. 
The very small twig, though incompletely preserved, has only 9 bases present in the transverse section 
and from the portion of the stem present we can be sure that the original number was not as great as 
that of the two larger stems mentioned above. The number of leaf bases in a transverse section, there- 
fore, decreases as the branch diameter decreases. 


Table 2. Dimensions of stems of Lepidodendron scleroticum. 
Measurements are in millimeters, and were made from transverse sections. 


LD # overall diameter diameter of width of carte diameter +: of 
dimensions | of xylem | primary xylem | secondary xylem of pith leaf bases 
3 33 X 135 183 383 5.0 to 5.4 Si > Nee 
4 40 X 46 U 4.0 2.1 to 2.6 Si 2.4 40 est. 
5 832 556 123 33 BAD WO. 23 Si 1.0 Nee 
6 335) 158 6.4 4.4 1.0 to 1.1 Si 23 36 est. 
u 27 X 61 3 3.6 1) WO 28 Si 1.6 45 est. 
8 18 1.6 1.6 NTB Si aff eal 
9 19 X 37 er le NP Si 8 23 est. 
10 23 X 63 eo 32 101E022:8 Si 155 30 est. 
ial 11 X 18 1.3 13 NP Si aff 29 
12 << il 6 6 INES Si Al 14 
13 14 X 27 2.8 2.6 À (© & Si unmeas. 30 
14 6.5 X 9 9 9 INRP Si 3) 11 
15 3 OX OS) .38 .38 IN 12 Pr N P 8 
16 4.3 X 4.7 41 41 IND 12 198 NP 11 
ibe 3.5 X 4.0 .45 .45 INGE Pr INT TE 7 
62 DD OX TE ay) oft) 15 NG Si 2 16 est 
D) 5 5 NP Si ail 


Text figs. 1—29. The line drawings in text figs. 1—19 and text figs. 21—29 are based upon transverse sections, and 
are natural size. Primary xylem is indicated in black; secondary xylem is indicated by radiating lines. — Figs. 1—7. Lepi- 
dodendron vasculare: fig. 1, specimen LD-69; fig. 2, specimen LD-65; fig. 3, specimen LD-67; fig. 4, specimen LD-68; fig. 5, 
specimen LD-63; fig. 6, specimen LD-64; fig. 7, specimen LD-66. — Figs. 8—19. Lepidodendron scleroticum: fig. 8, specimen 
LD-16; fig. 9, specimen LD-14; fig. 10, specimen LD-12; fig. 11, specimen LD-11; fig. 12, specimen LD-8; fig. 13, specimen 
LD-62; fig. 14, specimen LD-9; fig. 15, specimen LD-13; fig. 16, specimen LD-10; fig. 17, specimen LD-7; fig. 18, specimen 
LD-4; fig. 19, specimen LD-3. — Fig. 20. Diagrammatic representation of an arborescent lycopod in median longitudinal 
section, illustrating possible changes in morphology from the base to the apex. After WILLIAMson 1872 b. See text for full 
explanation. — Fig. 21. Branching specimen of Lepidophloios cf. fuliginosus, specimen LP-14. — Figs. 22—25. Lepido- 
dendron serratum: fig. 22, specimen LD-71; fig. 23, specimen LD-61; fig. 24, specimen LD-60; fig. 25, specimen LD-70. — 
Figs. 26—29. Lepidodendron sp. from Hyden, Kentucky: fig. 26, specimen LD-58; fig. 27, specimen LD-39; fig. 28, specimen 
LD-37; fig. 29, specimen LD-54. 
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2. Lepidodendron scleroticum 


This species, like Lepidodendron vasculare, is known primarily from small branches although frag- 
ments of large steles mentioned by Pannext (1942) in her original description of the species clearly 
illustrate that the plant must have produced large branches, and therefore probably attained consider- 
able size. 


A collection of branches exhibits a wide range in overall diameters. The largest complete branch 
studied, measures 3.3 cm X 13.5 cm (the restored diameter of this stem is estimated at 9 cm). This 
specimen, LD-3 (text fig. 19; Pl. 11, fig. 11), shows abundant secondary xylem (varying from 5.0 mm to 
9.4 mm in thickness) and secondary cortical development. Leaf bases are indistinct and ruptures 
occurred between adjacent bases. The primary xylem cylinder, 3.3 mm in diameter, is medullated. By 
referring to Table 2 and the line drawings and photographs (text figs. 8—19; Pl. 11, figs. 5—11) of 
members of this series, one can observe the same basic trends found in the branches of Lepidodendron 
vasculare. Primary stelar diameter is generally correlated with branch diameter, although the formation 
of secondary cortical tissues keeps us from determining accurately the original diameter of the branch, 
since it appears that much of the cortex ‘is involved in the production of secondary tissues there. Here, 
as in Lepidodendron vasculare, the smallest branches are protostelic while the largest are siphonostelic 
and the larger branches tend to have a greater production of both secondary xylem and secondary 
cortical tissues than do the smaller branches. Leaf bases are generally better preserved and are intact 
on smaller branches, although usually torn and separated from each other on larger axes with abundant 
secondary cortical tissues. 

3. Lepidodendron sp. 

A large number of small branches of a species of Lepidodendron derived from coal balls found near 
Hyden, Kentucky, provides a more complete sequence than has been known up to this time of very 
small crown branches. The specimens are LD-18 through LD-59, and their dimensions are presented in 
Table 3. This table and the line drawings (text figs. 26—29) and photographs of representative specimens 
(Pl. 11, figs. 12—19) should be consulted for the following discussion. 

All the branches lack both secondary xylem and secondary cortical tissues. This allows us to com- 
pare primary body dimensions without the complicating factor of secondary development. All the stems 
are regarded as representing the mature primary condition because even the smallest branches have 
fully differentiated xylem elements. 

The largest intact branch, LD-52, with overall cross-sectional dimensions of 8.2 mm X 3.3 mm has 
a siphonostelic primary xylem cylinder .91 mm X 1.1 mm in diameter (Pl. 11, fig. 18). Fragments of con- 
siderably larger stems and larger isolated steles occur with the better preserved smaller axes. The 
largest such stele is LD-59, which measures 3.2 mm X 3.3 mm in cross-section, and differs from all of 
the smaller ones in that it has a small amount of so-called “abnormal secondary xylem” present on one 
side (P1711) fig: 19): 

The smallest branch measures only 1.3 mm X 1.2 mm in transverse section and has a protostelic 
vascular strand with xylem measuring 100 microns X 120 microns (LD-38, Pl. 11, fig. 12); however, a 
slightly larger branch (LD-55) has an even smaller stele measuring 70 microns X 80 microns. Approxi- 
mately forty branches were sufficiently well preserved to obtain both stelar dimensions and branch 
dimensions. 

The remaining branches form a series of morphologically similar stems, differing only in size, stelar 
dimensions, and in the number of rows of leaves. As was true in the previously described species, the 
number of leaf bases present at a given level decreases as the diameter of the branch becomes less. 

This series of stems allows us to note one other aspect of the morphology of the branches, namely, 
the variability in leaf base size. By referring to the series of photographs of representative branches 
(Pl. 11, figs. 12—18), one may observe that the larger branches have larger leaf bases while the progres- 
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Table 3. Dimensions of stems of Lepidodendron sp. from Hyden, Kentucky. 
AN of the measurements were made from transverse sections, and are in millimeters. 


LD + overall diameter of dimensions of width of + of 
dimensions | primary xylem | primary xylem | secondary xylem leaf bases 
18 28 025 46 44 X 49 NP Si 9 
19 102619 14 14 315 NP Pr 6 
20 17% 34 .29 2920090 NP Si 05 X .11 9 
21 3.0 X 4.5 46 46 X .47 NP Si 11 416 14 
22 23095 .26 2500027 NP Pr NP 10 
23 F3 017 32 26 X 39 NP Pr NP 10 
24 240025 16 16 X .16 NP Pr NP 10 
25 2733 .26 DEI AT NP Pr NP 8 
26 DE 433 .19 19% .19 NP Pr NP 9 
27 3.1 X 5.0 63 49 X .77 NP Si 19.33 13 
28 2.6 X 3.7 52 51 X .54 NP Si 14X 14 9 
29 19034 24 ON 27 NP Si .04 X .08 9 
30 23x28 25 25 X .26 NP Si .08 X .08 11 
31 16 422 02 ‘Si 00.23 NP Pr NP 
32 44 X 4.6 49 48 X 51 NP Si 19:22 14 
33 29290 21 90.20.98 NP Pr NP 8 
34 2.9 X 4.5 49 48 51 NP Si 16 X .19 11 
35 210023 18 15 21 NP Pr NP 8 
36 1324 20 To 8 NP Pr NP 7 
37 452 102 .80 1.0 X .60 NP Si 19 X .19 15 
2 C-shaped arcs 
38 2 lla 10 X .12 NP Pr NP 8 
39 2937 .34 33 22.36 NP Si 02 X .08 13 
40 3.2 X 6.0 .57 53 X .62 NP Si 05 X .08 13 
41 2.7 X 4.9 .60 TE LO NP Si 1424233 14 
2 C-shaped arcs 

42 1516 oi DIX GP NP Si 04 X .05 10 
43 319034 61 49 X .63 NP Si 29°30 11 
44 34% 49 36 57 NP Si 11x 14 12 
45 3.90645 .64 eek NP Si 37 X 36 13 
46 301.073 56 40 263 NP Si 23% .33 16 
47 3.0 X 5.8 64 EO eA NP Si 14 x 22 15 
48 297,47 52 Bag NP Si 07% 10 15 
49 2.2 X 3.4 31 O27 36 NP Pr NP 11 
50 24X44 55 ATX .63 NP Si 14 X .22 13 
51 2.8 X 3.6 .39 35 X .44 NP Pr NP 10 
52 33 x 82 1.00 91 X 1.10 NP Si 36 X .49 17 
53 1.7 X 4.6 44 AlX 48 NP Si 10 X .16 13 
54 4.4 X 5.3 65 62 X .69 NP Mxpr 16 X .22 15 
55 1419 07 07 X .08 NP Pr NP 6 
56 1.9 X 2.5 ‚24 Ba NP Pr NP 9 
57 13x35 a) 232 21x38 NP Pr NP 7 

b) .35 as ay NP Pr NP 
58 12 2 14 .09 .09 X .010 NP Pr NP 7 
59 xylem cyl. a) 3.25 3.20 X 3.30 .25 / on one Si 2.50 X 3.20 

only side of cyl. 
b) .95 702420 NP Pr NP 


sively smaller branches have smaller and smaller leaf bases. This correlation between leaf base size and 
branch size is found in other species, such as Lepidodendron scleroticum, but is shown particularly 
clearly in the Hyden, Kentucky, form, in which the bases are well preserved. This aspect of the mor- 
phology, which has been noted by several authors will be interpreted at a later place in this contribution. 


In this species a mixed pith is seldom present, and the stele appears to have changed from a siphono- 
stele to a solid protostele without going through an intermediate stage characterized by the mixed pith. 


A few specimens, however, such as LD-54 (Pl. 11, fig. 17), showed the presence of scattered tracheids in 
the central parenchyma zone. 


This assemblage represents stems of one species varying only in dimensions in the primary con- 
dition, with the exception of the morphological differences in the stelar system and number of leaf bases. 


4. Lepidodendron serratum 


This species was founded on small branches (about 20) by FeLıx in 1952 in material from West 
Mineral, Kansas. The maximum and minimum sizes found are not stated, although a stem reported as 
“small” measures 8.0 mm X 6.0 mm in transverse section and has a siphonostele 1.0 mm in diameter, 
while a stem measuring 43 mm X 16 mm (text fig. 25; Pl. 12, fig. 23) has a siphonostele measuring 
9mm X 6 mm. All specimens in the original description were siphonostelic, lacked secondary xylem, 
and lacked periderm. FELıx considered the material to represent the mature condition of a plant which 
was supposed to have been a small flexuose species. 


Two specimens that are typical of the larger stems of the species (as it is presently delimited) are 
LD-60 and LD-70 (text figs. 24, 25; Pl. 12, figs. 23, 24) whose dimensions are presented in Table 4. These 
specimens may be compared with the smaller branch, LD-61 (text fig. 23; Pl. 12, fig. 22) which is figured 
at a level where the stele has divided to produce a lateral branch trace. The branching is unequal, and 
the trace to the smaller arm of the branch is noticeably smaller than the vascular strand in the larger 
member of the branch pair. The stele of the main branch is C-shaped in cross-section due to the presence 
of a branch gap. However, the xylem of the vascular trace of the daughter branch is cylindrical and is 
made up entirely of tracheids. The vascular strand of the main branch shows the presence of a paren- 
chymatous pith; the daughter branch lacks any medullation. This represents an instance of branching 
in Lepidodendron serratum which suggests that the smallest branches were protostelic, while the larger 
ones were siphonostelic, as was the case in the previously described species. 


Table 4. Dimensions of stems of Lepidodendron serratum. 
Measurements are in millimeters, and were made from transverse sections. 


LD + overall dimensions diameter of width of en diameter + of 
dimensions | of xylem primary xylem | secondary xylem of pith leaf bases 
60 16 X 12.5 4X3 3 NER Si DAS, 30 
61 SE Chery Ny 929 .490 Ne Si alee 33} 18 
= 233 LAU NP Pr NP 
70 16 X 43 6 X 9 Hed NP Si Weds ES AS 50 is 
71 SUD XX 7 DT 25 .26 Ne. Br NP 14 


The occurrence of small, protostelic branches, such as that shown in text fig. 22 and Pl. 12, fig. 21, 
which are identical in histology of the cortex with the larger stems having siphonosteles, shows that the 
protostelic condition persisted after branching in the smallest axes. 

By analogy with the better known forms such as Lepidophloios wuenschianus it seems probable 
that the stems thus far found of Lepidodendron serratum represent relatively small branches of the 
crown of some relatively large plant. There is no reason why we should regard the largest specimen 
thus far found of the species as necessarily representing the trunk of a mature individual. 


5. Lepidophloios kansanus (FELIX) EGGERT comb. nov. 
1952 Lepidodendron kansanum Feuıx. Ann. Missouri Bot. Gard. 39: 263—269, Fig. 1—7. 
This species, originally described from Middle Pennsylvanian strata in Southeastern Kansas, is 
known primarily from large steles and their associated periderm (FeLıx 1952). The species was originally 
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assigned to the genus Lepidodendron, although leaf bases were not found in attachment to any of the 
steles or secondary cortical tissues. Dimensions of 13 of the best preserved steles used in the initial des- 
cription were reported by FELIx, and are presented here in Table 5b. All of the steles are siphonostelic, 
with primary xylem cylinders of varying diameters and thicknesses, and with a zone of secondary 
xylem. The primary xylem varies from 19.5 mm to 50.0 mm in diameter, and the amount of secondary 
xylem varies from as little as .97 mm (in the stele with the 50.0 mm primary cylinder) to as much as 
32.0 mm. It can be seen from FELıx’s measurements that the radial thickness of the primary xylem varies 
considerably (from 2.5 mm to 5.25 mm) in the various steles and that thickness is not correlated with 
the diameter of the primary cylinder but appears to have differed from one individual to another. 


Table 5a. Dimensions of stems of Lepidophloios kansanus comb. nov. 
Measurements are in millimeters, and were made from transverse sections. 


overall diameter} diameter of width of diameter width of 
Ie ; ‘ 4 stelar type 2 : 
dimensions | of xylem | primary xylem | secondary xylem of pith | primary xylem 
1 76 22 27 Si 18 4 
2 67 33 iy Si 29 2 
3 64 45 10.5 Si 35 5 
4 99 57 Al Si 51 4 
5 145 X 47 56 56 N P Si 46 5 
15 212 X 91 unmeas. unmeas. 20 Si unmeas. 3 


The following measurements, in millimeters, are those of xylem cylinders presented in the original description 
of the species by FELIX (1952, p. 265). Specimen numbers are those of the Washington University Collection. 


Table 5b. Dimensions of steles of Lepidophloios kansanus comb. nov. 


W.C.B. diameter diameter of width of diameter width of 
of xylem | primary xylem | secondary xylem of pith primary xylem 

SE ln | Ee ET PS a ES 

772 51.5 19.5 16.0 10.0 4.75 

706 66.0 18.0 24.0 12.0 3.0 

778 43.0 27.0 8.0 is 4.75 

821 92.0 28.0 32.0 20.0 4.0 

761 63.0 29.0 17.0 24.0 25) 

767 61.0 29.0 16.0 24.0 2.5 

776 76.0 32.0 22.0 28.0 2.0 

771 N 42.5 16.5 33.0 4.75 

765 85.0 44.0 20.5 34.0 5.0 

800 62.0 42.0 10.0 34.0 4.0 

769 80.0 40.0 20.0 35.0 285 

704 68.0 49.5 6.0 39.0 928 

824 50.97 50.0 0.97 40.0 5.0 


Several additional specimens were available for study (dimensions are presented in Table 5a) which 
add to our knowledge of this species. One of the specimens, LP-5, consists of a primary xylem cylinder, 
56 mm in diameter, surrounded by outer cortical and leaf base zones (text fig. 30; Pl. 12, fig. 27). The 
leaf bases are of the Lepidophloios type, and are identical with bases often found as isolated parts at 
the West Mineral, Kansas, and other nearby sites. The primary xylem cylinder is identical with the 
primary xylem of the specimens originally making up the collection upon which the taxon Lepido- 


Text figs. 30—35. Line drawings of representative specimens in transverse section. All natural size. Primary xylem 
is indicated in black; secondary xylem by radiating lines. — Figs. 30—34. Lepidophloios kansanus (FELIx) EGGERT, comb. 
nov.: fig. 30, specimen LP-5; fig. 31, specimen LP-4; fig. 32, specimen LP-3; fig. 33, specimen LP-2; fig. 34, specimen LP-1. — 
Fig. 35. Lepidodendron dicentricum, specimen LD-2. Figs. 31—34 represent only the xylem cylinders of the stems, while 
figs. 30 and 35 show the entire stem. 
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dendron kansanum was based and of other specimens found later. Although no secondary xylem is 
present, specimen LP-5 is referred to the species Lepidodendron kansanum, and the species is trans- 
ferred to the genus Lepidophloios. On the basis of the morphology and development of the arborescent 


lycopod species, it is clear that presence or absence of secondary xylem is not a usable taxonomic 
characteristic. | 


Although we have too few complete branches to give an adequate idea of the developmental changes 
for the entire plant, it is worth noting that in the one specimen thus far found without secondary 
xylem, the leaf bases are still present, and only a very small amount of secondary cortical tissue has 
been formed. All the features of specimen LP-5 point to a stage of development earlier than that of a 
specimen such as the one in Pl. 12, fig. 25 where abundant secondary xylem is present and a zone of 
periderm, 3.5 cm deep, has been formed. The leaf bases are not present outside of the periderm layers 
of older stems such as the one in Pl. 12, fig. 25, in contrast to the situation in the earlier developmental 
stage present in LP-5. The question of our ability to locate the various specimens in the plant body will 
be deferred until after the species Lepidophloios wuenschianus has been discussed, because the mor- 
phology of the basal portions of the primary aerial stem known in that form allows us to interpret many 
specimens of other species, such as those of Lepidophloios kansanus described above. 


6. Lepidophloios wuenschianus 


In contrast with most of the other species of Lepidodendron and Lepidophloios which are known 
from a relatively limited range of branch or stelar dimensions, Lepidophloios wuenschianus includes 
specimens which range in diameter from 50 cm or more to small branches measuring only about 1 cm 
(Table 6). The range in overall stelar dimensions is illustrated in text figs. 36—42; the largest xylem 
cylinders have diameters between 70 and 75 mm and are from the Arran tree referred to as ++ 1 in the 
work of Waxron (1935). The overall diameter of this tree was about 45 cm (Pl. 14, fig. 37). The branches 
in text figs. 37, 38, which are also shown in PI. 14, figs. 38, 39, are from the same site as that of the large 
steles, and the specimen referred to as LP-12 was fully described in the paper by Watron cited above. 
Both of these specimens illustrate the morphology found in branches other than the major aerial stem, 
and although we cannot locate them precisely in the plant body, it is fairly certain that they represent 
branches from the crown. The very small branch in text fig. 36 was also fully described in the 1935 paper 
by Watron and was assigned to the species on the basis of cortical histology, while the two branches, 
LP-11 and LP-12, were correlated with the trunk specimens on the basis of histology of the cortex and 
pith. The major differences among the specimens of this species consist, therefore, of: 1) varying primary 
xylem cylinder dimensions and presence or absence of pith, 2) varying amounts of secondary tissues, 
both stelar and cortical, and 3) varying diameters of the primary bodies of the branches, as may be 


Table 6. Dimensions of specimens of Lepidophloios wuenschianus.* 
Measurements are in millimeters, and were made from transverse sections. 


— ————— 
: , dimensions diameter of width of diameter 
LP + | overall dimensions primary xylem | secondary xylem stelar type ot pith 
7 450 plus in diam. |#1. 63 X 75 26 to 28 Si 12 
8 450 plus in diam. |#2. 65 X 79 16 DTALORSE Si 10 
9 450 plus in diam. | #3. 74 X 76 14.5 31710232 Si 5: 
10 450 plus in diam. |#4. 70 X 77 4 32 to 37 Pr NEE 
11 77 X 84 A) SR 9.5 NP Si a 
b) 6x7 6.5 Nee Si 5 
12 64 X 44 8.2 X 10 9.1 Nee Si 5.4 
13 10 X 10.5 191 1.0 NP Br NP 


* Specimens 7—10 are the four stelar fragments in Arran Tree + 1 (notation of WaLTon 1935). Additional measurements of 
the Arran Trees may be found in that work in Table 1, p. 320. 
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deduced from the remaining primary cortical tissues in branches such as LP-11 and LP-12 which may 
be compared with the very small branch, LP-13. These are the same differences found in the specimens 
of Lepidodendron vasculare and Lepidodendron scleroticum previously described. In the species, Lepi- 
dodendron serratum, and the stems from Hyden, Kentucky, the differences were all due to primary 
body variation, since secondary tissues were not present in the specimens. 

Before the interpretation of the morphology of the branched arborescent lycopods is presented, 
some comments should be made about one additional species of which material was studied. This species 
is Lepidophloios pachydermatikos, described by Anprews and Murpy in 1958 from material of Upper 
Middle Pennsylvanian age in Kansas. 


7. Lepidophloios pachydermatikos 


As originally described, this species was based on six, rather similar specimens, all of which were 
characterized by the almost total lack of secondary xylem (except for a zone of so-called abnormal 
secondary wood which occurred in 2 of the specimens) and relatively slight production of periderm, 
which originated from a zone deep in the outer cortex. The best preserved specimen (the type, in C. B. 
+ 814, Washington University Collection) had cross-sectional dimensions of 15.5 cm X 9.5 cm and a 
siphonostelic vascular cylinder, with a prominent corona, measuring 12.1 mm X 16 mm. A specimen 
from New Delta, Illinois, that closely resembles the Kansas material is shown in text fig. 44, and Pl. 3, 
fig. 33. This specimen, referred to as LP-6, measures 4.7 cm X 17.3 cm in transverse section, and has a 
primary vascular cylinder identical with those from Kansas. It can be seen that the stem is made up 
almost entirely of primary tissues, with only a small amount of secondary cortical tissue deep in the 
outer cortex. 


Table 7. Dimensions of miscellaneous stems of Lepidodendron and Lepidophloios species. 
Measurements are in millimeters. 


Specimen Species overall diameter] diameter of width of ae be diameter + of 
dimensions |of xylem} primary xylem [secondary xylem of pith leaf bases 
Lepidodendron sp.| 162 X 65 Les) wey ZA) ING 
POMOMES 8.5 
LD-2 Lepidodendron 63 X 33 13 tal to 3:0 6.0 32 est. 
dicentricum 
LP-14 Lepidophloios 33 X 28 a) 4.6 NSP 3.5 unmeas. 
cf. fuliginosus b) 1.0 N P INf 12 
LP-6 Lepidophloios 173 X 47 16.2 Nee 12.8 60 
pachydermatikos 


All these specimens show an early stage of development, with little secondary cortical development 
and with only a very small amount of aberrant secondary xylem in some of the stems. 


C. Summary of Morphological Features in Conspecific Stem Series 


1. The primary bodies of branches varied greatly in size. 

2. The size of the primary vascular cylinder varied greatly. 

3. In a given species, changes in the morphology of the primary vascular cylinder occur, and are cor- 
related with the diameter of the vascular cylinder. These changes are partly homoplastic due to the 
influence of the size factor upon stelar form. 


Text figs. 36—42. Line drawings of representative branches and xylem cylinders of Lepidophloios wuenschianus. All 
are natural size. Primary xylem is indicated in black; secondary xylem is indicated by radiating lines. Fig. 36, specimen 
LP-13; fig. 37, specimen LP-12; fig. 38, specimen LP-11. — Figs. 39—42. Xylem cylinders of Arran Tree + 1; fig. 39 speci- 
men LP-7; fig. 40, specimen LP-8; fig. 41, specimen LP-9; fig. 42, specimen LP-10. 
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4. The dimensions of the primary vascular cylinder are correlated with the diameter of the primary 
body of the branch in which it differentiated. 

5. Varying amounts of secondary xylem occur in combination with various kinds of primary xylem 
cylinders. 

6. In general, greater amounts of both secondary stelar and secondary cortical tissues are present in 
larger stems, with a progressive decrease in secondary tissues in successively smaller stems. 

7. Exceptions to the above occur, i.e., large stems are known with little or no development of secondary 
tissues. 

8. Larger stems tend to have more leaf bases present in a given transverse section than do smaller 
stems. Therefore it is obvious that there is successive reduction in the number of rows of leaf bases 
as the diameter of the stem decreases. 

9. The dimensions of the leaf bases present on a branch are correlated with the primary body size of 
the branch. As the size of the branch becomes progressively smaller, the leaf bases also are smaller. 


D. Interpretation of Stelar Morphology 


Inherent in any interpretation of the many known specimens of arborescent lycopod branches is 
the problem of correctly interpreting the stelar morphology in terms of the whole plant body. From 
the discussion above it is clear that individual specimens show a very wide spectrum of primary stelar 
diameters. Varying amounts of stelar medullation are present and are roughly correlated with the 
diameter of the primary xylem. 

In a consideration of the primary stelar morphology, however, one must also explain the varying 
diameters of the primary bodies of various branches, since this size variability apparently determined 
the stelar form and size. The question of the sources of the variation in size and of morphological varia- 
tions must be answered to allow us to move beyond a treatment that merely catalogues differences 
among specimens. There are essentially three possible sources to account for the differences in primary 
body construction in a single taxon: 


1. The differences arise from a wide range of variability of the dimensions of mature individuals 
of each species. 

2. The differences arise from changing dimensions and morphology at various levels in each 
individual plant. 

3. A combination of both of these factors is involved. 


As was previously mentioned, several workers have considered the stele to have changed in size 
and in morphology at various levels in the plant. To evaluate more adequately the primary stelar mor- 
phology of the various specimens, we will now deal with the various lines of evidence for demonstrat- 
ing stelar changes in a given individual. 

There are essentially two types of stelar changes that can be proven to have occurred in a single 
specimen. The first of these involves the stelar morphology of the base of the primary aerial stem, 
or trunk. 

The second instance of stelar changes involves branching specimens, where the daughter axes may 
be compared with the parent branch with respect to stelar size and morphology. As will be shown in the 
following section, the morphology of the basal levels of the stele in the trunk involves increasing size 
and medullation in the direction of the shoot apex, while branching generally involves a reduction in 
stelar size and loss of medullation. There is, therefore, an approximate reversal of the events at the 
base of the trunk, as one progresses toward the various shoot apices in the upper branched portions of 
the plant. 
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1. Expansion ofthe’Primary Xylem 


Until 1935, no satisfactory hypothesis for the morphology of the primary stele at the base of the 
trunk was advanced. In that year appeared Watron’s classical paper on the Fossil Hollow Trees of Arran. 
These specimens (Lepidophloios wuenschianus) consisted of upright calcified trunks, about one meter 
high, containing one to several steles inside of the hollow cylinder of periderm composing the outer por- 
tions of the trunks. The steles are oriented vertically, and various other plant parts abound in the 
mineral matrix filling the surrounding cavity between the steles and the periderm cylinder (Pl. 14, fig. 37). 
The trunk diameter is approximately 45 cm in the tree pictured, which is referred to as + 1 in the 
1935 paper by Watton. The steles of the tree have been given the same notation numbers as were used 
by WALTON. 

The primary xylem cylinders of the four steles differ in overall diameters and in pith diameters 
(Table 6). One of the steles is protostelic; the remaining 3 are siphonostelic. On the basis of the orien- 
tation of the leaf traces, WaLTon concluded that the stele of the tree had become fragmented and fell 
down to the base of the tree in sections. Therefore, all of the stelar pieces in each trunk belonged to 
the single stele of that trunk. One protostelic fragment usually occurred with several siphonostelic pieces, 
all of whose primary xylem cylinders could be placed in a sequence of increasing diameter. The steles 
in tree + 1, for example, had primary xylem cylinders varying from 4 mm in diameter (stele + 4, text 
fig. 42, and Pl. 13, fig. 32) to 18 mm (stele + 1, text fig. 39, and Pl. 13, fig. 29). Secondary xylem thickness, 
however, was inversely correlated with primary stelar diameter, reaching a thickness of 32—37 mm in 
the protostelic fragment and 26—28 mm in the piece with the largest primary xylem cylinder. If the 
steles are properly arranged in an acropetal sequence of decreasing secondary development, the primary 
xylem cylinder is shown to undergo progressive increase in diameter and amount of medullation toward 
the apex. 

This interpretation of the basal stelar morphology allows us to explain the development of the 
plant from a small sporeling. It also enables us to state that one source of the varying diameters of the 
primary xylem cylinders found in isolated specimens was due to stelar changes as the individual deve- 
loped. It is thus easy to see that in isolated specimens of a species, the varying ratios of primary xylem 
diameter to overall stelar diameter found when secondary xylem is present, are reflections of the 
varying proportions of primary xylem to secondary xylem dimensions at various levels in each indi- 
vidual plant. In the material from Arran, a maximum diameter of 26.5 mm was found for the primary 
xylem which represented a height of about 15 feet from the base of the tree. Considering the large 
primary cylinders known in Lepidophloios kansanus, it is reasonable to assume, at present, that stelar 
expansion probably continued well above the level represented in the Arran trees, perhaps to the level 
of the first branching of the primary aerial stem, as ANDREws and Murpy (1958) have suggested. On this 
point, however, we as yet lack any direct evidence, since mature trees of different species in all like- 
lihood had different ranges in height. We cannot arbitrarily state any sort of mature dimensions for 
the various species, since this is a completely unrealistic approach. We cannot, therefore, 


Text fig. 43. Branching stem of Lepidodendron sp. in transverse section. Natural size. Primary xylem is indicated in 
black; secondary xylem by radiating lines. Specimen LD-1. 

Text fig. 44. Lepidophloios pachydermatikos in transverse section. Natural size. Primary xylem is indicated in black. 
Specimen LP-6. 

Text figs. 45—50. Sigillaria approximata. Transverse sections of representative xylem cylinders. All natural size. 
Primary xylem is indicated in black; secondary xylem by radiating lines. Fig. 45, specimen S-4; fig. 46, specimen S-5; 
fig. 47, specimen S-3; fig. 48, specimen S-6; fig. 49, specimen S-1; fig. 50, specimen S-2. 

Text figs. 51—54. Stigmaria ficoides. Transverse sections of representative xylem cylinders of stigmarian axes. All 
natural size. Primary xylem is indicated by black; secondary xylem by radiating lines. Fig. 51, specimen ST-2; fig. 52, 
specimen ST-1; fig. 53, specimen ST-3; fig. 54, specimen ST-5. 

Text figs. 55—58. Stigmaria bacupensis. Transverse sections of representative xylem cylinders of stigmarian axes. 
All natural size. Secondary xylem is indicated by radiating lines; primary xylem is indicated in black. Fig. 55, specimen 
ST-6; fig. 56, specimen ST-9; fig. 57, specimen ST-10; fig. 58, specimen ST-11. 
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place a given stele orevenanentire branch ataspecificlevelinthe plant. This 
applies to all specimens with the possible exception ofastele suchas the + 4 
piecein the tree described above. 


Specimens such as LP-1 through LP-5 (text figs. 30—34; Pl. 12, fig. 26, 28; Pl. 14, fig. 35, 36) probably 
represent fragments of primary aerial stem steles, though this cannot be proven. In a given plant, we 
could arrange the specimens such as Watton was able to do for the base of the Arran trees, but for iso- 
lated specimens the location can only be surmised. If we arrange the steles of LP-1, 2, and 3 in a 
sequence of expanding primary xylem dimensions, we notice that the ratio of primary to secondary 
xylem relationships is very close to that found at various levels in the stele of a single plant such as 
Lepidophloios wuenschianus. The stele of LP-4, however, has a greater diameter of primary xylem than 
LP-3, in combination with a wider zone of secondary xylem (approximately double the depth of secon- 
dary xylem in LP-3 where it is 1.5 mm, occurs in LP-4, where 21 mm of secondary wood is present). 
We may regard LP-4 as representing a relatively higher level in an older plant, as evidenced by the 
amount of secondary xylem present at a possibly higher (and therefore “younger”) level in the plant. 
All these specimens above, in turn, represent later stages of development at their respective levels in 
the plant than does LP-5, where the stele was made up entirely of primary tissues at the stage of deve- 
lopment when death occurred. 

In the trees from Arran, the stele, including primary and secondary tissues, exhibited no decrease 
in its diameter in the acropetal direction in the 15 feet present in some of the trunks. Whether this 
column form of the stele persisted to the top of the main aerial stem is not known. It is possible that 
the stele showed a certain amount of taper in its upper portions. The larger steles found in Lepidophloios 
kansanus and Lepidodendron johnsonii (Arnozp 1940) reach about 10 cm in diameter. Whether this indi- 
cates a larger size for the mature individuals of these species than was present in Lepidophloios wuen- 
schianus cannot be determined as yet. 


One other specimen may be considered to represent the basal part of an arborescent lycopod. This 
specimen was derived from the Culm beds at Saalfeld, Germany, and was originally described in 1896 
by Sorms-LauBacx under the name Lepidodendron saalfeldense. Although the stem cannot be assigned 
to a definite genus, it is clearly of lycopsid nature on the basis of the stele and cortical histology. The 
most complete description presented since that of Sorms-LausacH may be found in Watron’s paper on 
Lepidodendron wuenschianus. The presence of four irregular areas at the lower end of the specimen 
has been interpreted by SoLms-LAuBAcH and subsequent authors as representing the possible points of 
attachment of stigmarian axes. The specimen had a length of 13 cm and a width of approximately 3 cm. 
Considering first the stelar morphology, we find that the overall dimensions of the stele decrease rapidly 
from the basal, where the xylem is approximately 8 mm in diameter, to the apical end where it is only 
2.5 mm. The xylem is composed mostly of radially seriated tracheids at the base of the specimen which 
appear to be secondary in origin. A minute central area at the base of the stele, where the tracheids are 
rather disorganized, may represent the primary strand of xylem. At the apical end of the specimen, 
the preservation is extremely poor, but the stele appears to have only nonseriated tracheids, which are 
probably primary. If such is the case, we may compare the stelar changes very closely with those 
observed in Lepidodendron wuenschianus. Leaf traces arise from the stele, and the cortical layers are 
sufficiently well preserved to allow them to be compared with those of Lepidodendron and Lepidophloios 
species. From the radially seriated and fibrous nature of the outermost layers of the specimen, it is fair 
to conclude that all of the cortical zones are still present, at least in part. The middle cortex, which is 
very narrow, appears to be made up of loosely aggregated strands of elongate parenchyma in the photo- 
graphs of thin sections which were examined. The great decrease in the amount of secondary xylem 
from the basal end to the apical end of the specimen suggests that the production of secondary xylem 
lagged considerably behind the primary differentiation in the early stages of development of the plant. 


ER 


The specimen of Lepidodendron saalfeldense, therefore, supports the interpretation of the Arran 
trunks made by Watton, and both species in turn, support the origin of the aerial part of the plant from 
a small sporeling rather than from some sort of a massive bud-like or corm-like structure. 


2. Diminution of the Primary Xylem 


As previously mentioned a second type of change occurs in the primary stelar system of the ne 
vidual plant in addition to the expansion present at the basal levels. This second series of events is 
approximately the reverse of that which occurs at the base of the primary aerial stem, and consists of a 
progressive reduction in the diameter of the primary xylem cylinder with a concurrent reduction in 
medullation. This process of reduction in the primary stelar dimensions is most pronounced in branch- 
ing specimens, where the stele of the parent axis may be compared with those of the daughter branches. 


Branchings are often dichotomous, producing, in some cases, two branches of equal size. The oppo- 
site extreme of branching results in a monopodial system, but all degrees of unequal branchings occur 
between these two types. Branching specimens are relatively common as impression specimens, but these 
tell us nothing of the internal morphology. They are more useful when correlated with the structural 
events which may be observed in petrifactions. 

At present we have axes of many sizes which exhibit branching, some of which have large dia- 
meters such as LD-1 in text fig. 43, and Pl. 13, fig. 34 (Table 7). This branch has been sectioned at a level 
above that where the stele divided into two equal parts, and where the two steles are still present in 
the single branch prior to the actual division of the branch at a higher level. Such a specimen, on the 
basis of dimensions and amount of secondary development, may be considered to represent a level in 
the lower part of the much-branched crown. A small branching specimen, such as LD-37, is most 
likely from a distal part of the crown (text fig. 28; Pl. 11, fig. 16) on the evidence of primary body dimen- 
sions and lack of secondary tissues. 

In the case of an equal dichotomy of the stele, the primary xylem separates into 2 approximately 
equal crescents (Pl. 11, fig. 16), thereby reducing the dimensions of the stele in each of the daughter bran- 
ches after the restitution of the cylindrical form by the closing of the branch gap. 

In specimens where unequal stelar and branch dichotomies occur, the daughter steles are of different 
dimensions. Two specimens which are typical of such a branching are shown in text fig. 13, and Pl. 12, 
fig. 22. The smaller stele, in each instance, will pass out into the smaller member of the pair of branches. 
In some examples, such as the small stem of Lepidodendron serratum previously mentioned (Pl. 12, 69022) 
the smaller of the two steles is protostelic while the larger is siphonostelic. In specimens of Lepido- 
dendron vasculare, small lateral branch steles may lack a central mixed zone and have xylem made up 
entirely of tracheids. Lepidophloios pachydermatikos exhibits a biseriate cladotactic system in some spe- 
cimens. A relatively large siphonostele in the major branch produces very small protostelic strands 
which supply the lateral structures (Anprews and Murpy 1958). Lepidodendron serratum has unequal 
branching, referred to as monopodial by Feuıx (1952), and Lepidodendron scleroticum exhibits similar 
branching. The material of Lepidodendron from Sahara, Illinois, and Hyden, Kentucky, exhibits approxi- 
mately equal dichotomous branching in all of the stems found thus far. The majority of English species 
show both equal and unequal branchings in the same species, with the exception of Lepidophloios har- 
courtii, in which only equal branchings have thus far been found (a summary of all of the branching 
specimens present in the collection of W. C. Wırrıamson may be found in his 1895 paper). Eventually, 
some more distinct pattern may emerge for the branching of the various petrifaction species of Lepi- 
dodendron and Lepidophloios to allow the use of branching for taxonomic purposes as has been done 
with some impression species (Scorr 1920, Hirmer 1927). 

One of the obvious aspects of the histology of the primary vascular cylinder that is correlated with 
the reduction in its size, is the progressive reduction in the number of elements differentiated at succes- 
sively higher levels in the crown. The reader may refer to WıLLıamson’s paper of 1895 for estimates of 


the number of elements in steles of various sizes. The number present at any one level varied from 
several thousand in large cylinders, to only a few elements in very small protosteles. 

In addition to the progressive decrease in the number of primary vascular elements differentiated at 
successively higher levels in the crown branches, the size of these primary elements also decreased. This 
decrease in the size of the tracheids may be illustrated by a series of primary cylinders from various 
sized stems of any of the species. Because of the very good preservation of the steles of the Hyden, Ken- 
tucky, Lepidodendron, that form will be used as an example. Figs. 40—44 in Pl. 15 picture the steles 
of five branches selected from the forty or so studied. The stele in Pl. 15, fig. 40, is the largest yet found 
at the Hyden site, with primary xylem measuring 3.2 mm X 3.3 mm. That in Pl. 15, fig. 44, is one of the 
smallest steles, with xylem measuring only 70 X 80 microns; the remaining steles are of intermediate 
dimensions. The sizes of the stems roughly parallel the stelar dimensions. The differences in the sizes 
of the tracheids in the steles are obvious. As the stele becomes smaller in size, the tracheids become fewer 
in number at a given level, and their size decreases markedly. The tracheids become so small in the very 
small steles such as that in Pl. 15, fig. 44, that the entire xylem cylinder is smaller in diameter than a 
single metaxylem element from the stele of LD-59 (Pl. 15, fig. 40). This same trend in the size of the pri- 
mary tracheids has been found in Lepidodendron serratum, and can be seen in the steles of Lepido- 
phloios wuenschianus figured by Watton (1935) in Pl. III of his work. 

Feux pointed out this disparity in the dimensions of cellular components in two stems of Lepi- 
dodendron serratum: a large stem, and a relatively small one, measuring 43 mm X 16 mm and 8 mm 
X 6 mm. The differences in cell sizes were presented as illustrating a limitation in the use of measure- 
ments of various cells and tissue systems in defining species. It is apparent that as yet we cannot 
separate the differences in cell size in different individuals of a species from those present at different 
levels in the same plant, although the magnitude of size changes in various levels of the plant was 
obviously greater than the variation in different individuals at the same level. If the cells of the various 
individuals varied in size at a given level to a greater extent than did the cells at various levels in the 
same plant, no general trend in tracheid size would result. As long as most of our species of Lepi- 
dodendron and Lepidophloios are based upon only part of the plant such as crown branches, or large 
branches and trunk fragments we cannot meaningfully compare cell size ranges. 


3. Secondary Xylem 


Almost from the very outset of investigations of petrified Carboniferous plants, the correct inter- 
pretation of the occurrence of secondary xylem in the forms now placed in the Lycopsida has been a 
matter of considerable dispute and confusion. 

By chance, the first preserved specimen of Lepidodendron to be described lacked secondary xylem 
(Lepidodendron harcourtii, described by WirHam in 1833), while the first preserved Sigillaria, Sigillaria 
elegans, described by Broneniart in 1839, exhibited secondary xylem. The French workers, following 
the suggestion of BRoNGNIART, allied Sigillaria to the living gymnosperms because of this production of 
secondary wood while Lepidodendron was considered to lack secondary wood and was, therefore, assigned 
to the lycopods. Wırrıamson succeeded finally in demonstrating that both Lepidodendron and Sigillaria 
have lycopod affinities, differing from extant forms in their ability to produce abundant secondary xylem. 

The problems involved in interpreting presence, absence, and amount of secondary xylem develop- 
ment in the arborescent lycopods are not as yet completely satisfactorily solved. Some authors use 
secondary xylem as a taxonomic criterion while others regard it as a developmental character. 

It is clear from the discussion of the various stem series of petrifaction species of both the genera 
Lepidodendron and Lepidophloios that we cannot regard the mere presence or absence of secondary 
xylem as indicating specific distinction. In Lepidophloios kansanus, Lepidodendron vasculare, Lepido- 
phloios wuenschianus, Lepidodendron scleroticum, and Lepidodendron brevifolium, where the taxa are 
characterized by a considerable number of branches of varying diameters and ontogenetic stages, speci- 
mens occur with abundant secondary xylem, while others lack secondary xylem. 
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On the basis of the steles of the trunks of Lepidophloios wuenschianus, we know that the amount 
of secondary xylem was greatest at the base of the aerial stem, and that the amount decreased at pro- 
gressively higher levels in the plant. The stem series described previously indicates that the amount of 
secondary xylem is related to the amount of secondary cortical tissues present; that is, a branch with 
a considerable amount of secondary xylem always has a large amount of secondary cortical tissue as 
well. We may regard such a branch, regardless of its size, as representing a relatively later stage of 
development than a branch having little secondary cortical tissue and secondary xylem. There is no 
reason to believe that the production of secondary xylem in the arborescent lycopods did not follow the 
same pattern present in any woody plant. Therefore the lower levels in the plant, which were also the 
oldest levels of the plant, had the most secondary development. A given individual would show all 
degrees of transition from the wide zone of wood at the base of the trunk, to the absence of any sec- 
ondary xylem in the young, distal branches. 

It is evident that the primary xylem cylinder at various levels of the plant had different dimensions 
at the time of the initiation of the production of secondary xylem. In the sporeling, secondary xylem 
was produced around a very small primary cylinder. The primary xylem cylinder at higher levels was 
progressively larger, and secondary xylem was produced around primary xylem with progressively larger 
dimensions. In contrast to the situation in the main trunk, the primary xylem cylinder diminished in 
size distally in the crown. Because the initiation of secondary xylem production progressed acropetally, 
secondary xylem was produced around progressively smaller primary xylem cylinders in the crown. 
Therefore, for a given species, we cannot refer to any single size of primary xylem cylinder around 
which secondary xylem production was initiated, as has been done by some workers (e. g., PANNELL 1942). 


This brings us to another question which involves interpretation of secondary xylem production. It 
has often either been stated directly, or implied, that some species of arborescent lycopods lacked the 
ability to produce secondary xylem (Hirmer 1927, FeLıx 1952). Some of the species which have been listed 
as lacking secondary xylem development have been considered to be simply anatomical types so that 
it cannot be stated whether some workers have considered these species as plants lacking secondary 
xylem, or merely as representatives of certain stelar types. In any case, several species may be listed 
as never having been found with secondary xylem. These are: 


Lepidodendron esnostense RENAULT 1896 
Lepidodendron rhodumnense RENAULT 1879 
Lepidodendron hallii Evers 1951 
Lepidodendron serratum FELix 1952 
Lepidophloios harcourtii WirnaM 1833 
Lepidodendron hickii Watson 1907 
Lepidophloios scottii Gorpon 1908 
Lepidodendron macrophyllum WILLIAMSoN 1893 
Lepidodendron baylei RENAULT 1896 


Text fig. 59. Diagrammatic reconstruction of the xylem system of the aboveground parts of an arborescent lycopod, 
in median longitudinal section. Primary xylem is indicated in black; secondary xylem is indicated by horizontal lines. 
The form shown is characterized by equal dichotomous branching. 

Text figs. 60—67. Lycopodium clavatum. Series of transverse sections of representative levels in the plant body. 
The dimensions of the stems may be determined from the scale which applies to figs. 60—67. Redrawn from Ocura 1938. 
Fig. 60. The prostrate rhizome. Fig. 61. An aerial stem arising obliquely from the rhizome. Fig. 62. An upright branch 
from the stem shown in fig. 61. Fig. 63. An upright cone-bearing branch arising from the rhizome. Fig. 64. The peduncle 
of a cone. Fig. 65. A level in a cone. Fig. 66. A major adventitious root that had its origin from the rhizome. Fig. 67. A 
branch root of the major root shown in fig. 66. 

Text figs. 68—74. Diagrammatic transverse sections of a branched arborescent lycopod. The levels shown range from 
the base of the trunk, to the very distal branches of the crown, and represent the condition which would be found in a 
single mature plant. Primary xylem is indicated in black; secondary xylem by radiating lines; periderm by radiating 
broken lines. Fig. 68. The base of the trunk. Fig. 69. The level of maximum primary body dimensions in the upper part 
of the trunk. Figs. 70—72. Siphonostelic branches of the crown at successively higher levels. Figs. 73—74. Protostelic 
branches from the progressively more distal parts of the crown. 
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Other species, such as Lepidodendron fuliginosum (or Lepidophloios fuliginosus), Lepidodendron 
intermedium, and Lepidophloios pachydermatikos, produce small amounts of so-called “abnormal second- 
ary xylem”. Such abnormal secondary zones may be wholly tracheidal, as in Lepidophloios pachyder- 
matikos, or may be composed of rows of tracheids, and seriated parenchyma (as in Lepidodendron fuli- 
ginosum) produced from some sort of a meristematic zone around the primary xylem body. Whether 
specimens possessing this type of development show an early stage in development of secondary xylem, 
or some sporadic cell proliferation is unknown. It is certainly possible that normal secondary xylem 
could have been later produced at the same levels where this abnormal proliferation was present, or, 
it could have been produced in other parts of the same individual. It is also possible that the atypical 
development of Lepidophloios pachydermatikos represents a prolonged production of the same type of 
elements characteristic of the first-formed secondary xylem which has very small and somewhat distorted 
elements. The successively produced elements are larger and become radially aligned to produce the 
typical secondary xylem tissue. 

Our understanding of the above species without secondary xylem is based largely upon small 
branches. In the species Lepidodendron hickii, and Lepidophloios harcourtii, specimens approximately 
a decimeter in diameter are known. Since size and age are not necessarily related however, it is still 
highly possible that these forms produced secondary xylem. Other species in the list, such as Lepido- 
dendron hallii, or Lepidodendron macrophyllum, are based upon nondescript axes which we may prob- 
ably never adequately characterize until many more specimens of varying sizes are found. Such is also 
the case with Lepidodendron esnostense and Lepidodendron rhodumnense which have never been ade- 
quately described. If most of the specimens of these taxa are small crown branches, it is understandable 
why they do not show development of secondary xylem. It should also be pointed out that some of the 
species in this list are also protostelic forms, illustrating once again the tenuous nature upon which such 
species are delimited. As has been pointed out, the protostelic condition is found at the base of the trunk 
and in distal crown parts of all of the better known forms. In contrast to the protostelic forms lacking 
secondary xylem, Lepidodendron pettycurense (Kipsron 1907) has secondary xylem although the steles 
are relatively small. The larger of two steles had a primary cylinder 2.5 mm X 1.5 mm in cross-section, 
surrounded by a zone of secondary xylem up to 9.5 mm thick and probably is part of a relatively small 
crown branch in an old condition. It is certainly very difficult to maintain the distinctness of this species 
considering the morphology and development present in the better-known forms. Names given to isolated 
steles, such as those of Lepidodendron baylei (RENAULT 1896) and Lepidodendron pettycurense, have little 
meaning since we cannot identify these plants on the basis of the stele alone. Taxonomic descriptions 
of arborescent lycopod species must be based on a great number of specimens with sufficient characters 
to allow us to construct the picture of the morphology of the entire plant. We are just now beginning 
to utilize this means of delimiting species in this group. At present we do not have what could be con- 
sidered a complete morphological understanding of any one of the species. 


4 Diagramofthe Stelar System 


Combining the information concerning the stelar morphology of the base of the trunk with that of 
the branching system of the crown, we may diagram the stelar system of the aerial portion of the plant 
as in text fig. 59. The secondary xylem increases progressively from the distal branches of the crown 
to the base of the trunk. The primary xylem cylinder increases in size from the small basal protostele 
and finally becomes a large medullated tube at the top of the main trunk. With the onset of branching, 
the primary xylem system becomes progressively reduced in size, and medullation naturally becomes 
less pronounced. Finally, in the distal branches of the crown, the primary xylem forms a minute solid 
rod. These branches usually have no secondary xylem and it is probable that the mature plant did not 
produce secondary xylem in its most distal branches, even when it was of considerable age. 
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E. General Morphology of the Branch at Various Levels in the Plant 


1, Primary Branch Diameter 


In some impressions of branching systems, where several orders of branching are present, such as 
the specimen of Lepidodendron elegans (Pl. 15, fig. 50), a gradual tapering of the successively more distal 
branch orders occurs which may be correlated with the petrified branching specimens. It should be 
pointed out, however, that tapering tells us nothing about dimensions of the primary body since we 
cannot evaluate the impression in terms of a specific developmental stage. 

The question of diameter of the primary body at various levels in the plant is difficult to approach 
accurately since most specimens represent stages where secondary cortical development is present. The 
small branches from Hyden, Kentucky, the specimen of Lepidophloios kansanus (LP-5), and the speci- 
mens of Lepidophloios pachydermatikos thus far found are representative of a less commonly occurring 
condition in which all or almost all of the tissues are primary. 

From the discussion of the range of size of the branches of the better-known petrifaction species, 
it is apparent that primary stelar diameter was correlated with primary branch diameter. The speci- 
mens from Hyden, Kentucky, illustrate this for small branches. Specimen LP-5 illustrates this phenom- 
enon for a large branch in which little of the size of the branch is due to secondary development. The 
branches of Lepidophloios pachydermatikos referred to previously also illustrate specimens in which 
the effects of secondary tissue production upon the diameter of the stems has been slight. 

Numerous authors (e. g. PANNELL 1942, Anprews and Murpy 1958) have cited the correlation between 
branch diameter and primary stelar diameter, but have usually referred to specimens with considerable 
secondary cortical tissues. The suggestion of Anprews and Murpy that the primary body reached its 
maximum size somewhere in the upper levels of the main trunk seems to be very possible in view of 
the relationship between branching and the reduction of the primary body associated with it. 

The specimen which most closely approximates the condition one would expect near a level of 
maximum primary body dimensions when the level is at an early stage of development, is LP-5, of 
Lepidophloios kansanus. Isolated steles having very large primary cylinders, such as LP-3 and LP-4, may 
represent the stelar parts of approximately the same level from older individuals. Here again, however, 
our lack of knowledge of the range of size of the “mature” plants of the species involved makes it diffi- 
cult to locate any of these specimens at any exact level in the plant. 


2. Estimate of the Massiveness of Primary Body 


The primary cortical layers of a typical arborescent lycopsid stem were extensive, and formed the 
major bulk of the axis. The ratio of primary stelar diameter to branch diameter has been estimated by 
HirMer (1927) as ranging from approximately 1:9 to 1:10. In the small branches from Hyden, Kentucky, 
the ratio varied from as much as 1:5 to as little as 1:11, illustrating that we cannot exactly categorize 
the size relationships between the primary stele and the rest of the primary body. To obtain some tenta- 
tive idea of the possible massiveness of the primary body produced by the arborescent lycopods, we 
may utilize the above range of ratios of primary stelar diameter to primary branch diameter. We may 
estimate that a specimen such as LP-5 might have had an original branch diameter of about 28 cm, if 
the ratio had been 1:5, and as much as 62 cm if the ratio had been 1:11. Although we lack specimens 
to prove the occurrence of such massive primary bodies, we do have branches of Lepidophloios kansanus 
such as LP-5, the specimens of Lepidophloios pachydermatikos, and stems of Lepidophloios wuenschianus 
with a primary body over one decimeter in diameter, and the specimen LP-5 probably was consider- 
ably larger since it is incomplete. 

This production of massive branches may be contrasted with the opposite extreme, the production 
of minute branches, distally in the crown where the size was reduced to at least 1.3 mm (LP-38, the 
smallest branch from Hyden, Kentucky). 
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We must bear in mind that the production of a massive primary body in the aerial stems shows 
that the size of a branch is not an indication of its age. A large branch, such as LP-5, which is made up 
almost completely of primary tissues, is “younger” in terms of development than many of the smaller 
branches with abundant secondary stelar and cortical tissues. A branch such as LD-3 (Pl. 11, fig. 11) 
probably represents a crown branch in a relatively late stage of development, because the small primary 
stelar cylinder would appear to indicate a distal position for the specimen. 

The production of a massive primary body, therefore, means that we cannot use branch size to 
evaluate the histology of two or more specimens. A recent example, involving the comparison of two 
taxa, may be cited here to illustrate the difficulties involved. In Anprews’ and Murpy’s (1958) paper con- 
cerning Lepidophloios pachydermatikos, a branch of this species is compared with a branch of Lepido- 
dendron scleroticum. If the two branches were somehow comparable as to level in the plant, or as to 
absolute age after the differentiation of the primary tissues, a comparison could be made to good advan- 
tage. However, there is no method at our disposal to determine with certainty either of these aspects. 
Because the differing amounts of secondary xylem and periderm may be explained in terms of ontogeny 
rather than taxonomy, the stem of Lepidodendron scleroticum may be regarded as showing a later stage 
of development than does Lepidophloios pachydermatikos. 

An assumption which seems to lie behind such comparisons is that we are looking at some sort of 
terminal stage of development in the various specimens we find in coal balls. This is clearly not the case. 
We have no way of knowing just what the maximum amount of secondary development in the oldest 
plants might have been. We also cannot state that the absence of secondary stelar or cortical tissues in 
a given specimen would have persisted indefinitely. 


3. Morphology and Arrangement of Leaf Bases 
a) Size of Leaf Bases 


Compressions of Lepidodendron, such as that of Lepidodendron elegans (Pl. 15, fig. 50, reproduced 
from Broncniart 1837, pl. 14), demonstrate that the leaf base dimensions decreased in successively 
smaller, more distal branches. Compressions of isolated branches of various species examined by the 
author show that, in general, branches with greater diameters have larger leaf bases, and numerous 
specimens figured in the literature show that this phenomenon was of general occurrence in species of 
Lepidodendron and Lepidophloios. 

Petrified branches exhibit the same correlation; large branches have large leaf bases, and smaller 
branches have progressively smaller leaf bases. Specimen LP-5, whose diameter must have exceeded 
10 cm, has leaf bases of very large dimensions (about 12—13 mm wide at their point of attachment to 
the underlying cortical tissues), while the laterally expanded portion of the leaf base, which overlaps 
lower leaf bases, reached 3.5 cm in width. Isolated leaf bases of the Lepidophloios type vary in dimen- 
sions and may be correlated with the variation found in single impression specimens. The same general 
trend emerges in every petrifaction species of which sufficient branches are available: as branch dia- 
meter decreases, leaf base size decreases. Some typical leaf bases of the Lepidophloios type are presented 
in Pl. 15, figs. 46—48. In all cases the leaf bases are made up of isodiametric parenchyma cells, and this 
tissue appears to be entirely primary. 


b) Decrease in Number of Rows of Leaf Bases 


In addition to the decrease in dimensions of the leaf bases, as the branch became smaller, the number 
of leaf bases sectioned at a given level became less. The number of leaf bases were counted in well 
preserved specimens of Lepidodendron scleroticum and the form from Hyden, Kentucky. The data con- 
cerning leaf base number are presented in Tables 2 and 3. In some cases, due to the presence of folds 
or ridges between adjacent bases, the exact number of leaf bases could not be determined. However, 
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the numbers presented in the tables illustrate the general trend of reduction in the number of rows of 
leaf bases which is correlated with a gradual decrease in the extent of the primary cortical layers and 
the diameter and degree of medullation of the primary xylem of the stele. 

It is my opinion that this decrease in size of the leaf bases represents a decrease in the dimensions 
of the mature bases, rather than showing progressive immaturity of the bases. As mentioned previously, 
the tissues making up the bases show no evidence of a continued expansion of long duration as has 
been suggested by several authors (Hırmer 1927, ArnoLp 1947, WaLroN 1953, AnprEews and Murpy 1958). 
In some stems of Lepidodendron dicentricum (Feuıx 1952), the production of so-called phellem meshes 
occurs in the leaf base zone. However, in the material cited above there is no evidence for any marked 
tangential expansion in the leaf bases. If we view the morphology of the leaf bases in the light of the 
stelar changes and the changes in branch size, the changes in leaf base size form a part of a consistent 
picture of progressive diminution and reduction toward the branch apices of the crown. 

Furthermore, mere expansion of the leaf bases of a small branch does not account for the situation 
found in the larger branch, where a greater number of bases is present. In this respect, impression 
specimens show that the ratio of length to width of the bases was maintained from one branch order to 
the next, so that the form of the bases of a specific taxon was relatively constant throughout the plant. 
The difference in the number of leaf bases sectioned at a single level is an indication of the change in 
the number of rows of bases on the branch rather than being due to any deformation of the bases. 


c) Changes in Phyllotaxy 

From the great differences in the number of rows of leaf bases on branches of various sizes, it 
follows that the phyllotaxy of the plant changed from one level to another. The only reliable deter- 
minations of phyllotaxy in Lepidodendron are those of Dickson (1873) which were based on impression 
specimens of complete stems. A small stem (about ®/ı inches diameter) had a simple phyllotactical system 
of /s or *1/s5. A large stem with a diameter of 20 inches had a phyllotaxy of 55/14, while in several 
other stems even more complicated phyllotactical systems were present. 

The evidence at hand, therefore, seems to indicate that the phyllotaxy changed in response to the 
changing dimensions of the branches. With a reduction in the number of rows of leaf bases, the phyllo- 
tactic fraction changed from a large one to progressively smaller ones as the crown developed. 


4. Foliage 


One aspect of the morphology of the foliage which seems to be pertinent here is that of the different 
sizes of leaves at various levels in the plant. 

The situation is clearly illustrated by Lepidodendron elegans, where a progressive reduction in 
length and width of the leaves is encountered as one moves toward the branch apices. Specimens have 
been figured by several authors (e. g. Hırmer 1927, fig. 204, p. 187) which illustrate this distal shortening 
of the leaves. 

This diminution of the leaves toward the apex has generally been considered to be due to immatu- 
rity of the foliage and it has been suggested that a basal or intercalary meristem was present by means 
of which the leaves continued to elongate, until a supposedly mature length was reached (HIRMER 1927). 
As was the case with the leaf bases upon which they were borne, there seems to have been no single 
mature length, but rather a gradually changing mature condition. There is no evidence for the presence 
of a basal or other persistent meristem as has been pointed out by Arnorp (1947), and, considering the 
changes in the mature primary condition of the branches which occurred as the crown of the plant devel- 
oped, the changes in leaf length are not unexpected, but are in keeping with the changes observed in 
the leaf bases. 

If we consider the change in leaf base dimensions which must have been present in a species such 
as Lepidophloios kansanus, from the very large bases on the trunk and major branches to the very small 
ones which must have clothed the distal branches of the crown (as yet unknown), we must expect a very 
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wide range in mature dimensions of the leaves. This range will be determined only from many speci- 
mens with a wide range of diameters. In impression species we may eventually be able to present a 
range in length and width for each species which will be indicative of specific differences rather than 
reflecting differences in the size of the branches, etc. It is probable that taxonomic differences existed 
among the species of arborescent lycopods in regard to leaf length and width on approximately com- 
parable branches, with some species having very short acicular leaves (Lepidodendron lycopodioides) 
while others possess extremely long leaves (Lepidodendron dichotomum). The point to be made here is 
that we must expect to delimit our taxa with a range of leaf lengths and widths which will not only 
reflect differences among specimens of a given species but will also take into account changes in the 
foliage of the individual plant at various stages of its development. 


Recently, it has been suggested that a young plant consisting of the upright, unbranched, primary 
aerial stem possessed long, strap-like leaves (Anprews and Murpy 1958). This was probably the case in 
some species at least, but the reasons for supporting this hypothesis are not those presented by the 
above authors, who surmised the condition in the young plant on the basis of an impression of Lepido- 
dendron consisting of a relatively large stem having leaves about 80 cm long. On the basis of the very 
large leaf bases on the branches with a large primary system, it seems very likely that the leaves of 
the primary aerial stem were quite wide, and probably of considerable length in both Lepidodendron 
and Lepidophloios. At present, it seems reasonable to assume that the leaves of some species probably 
reached their maximum dimensions at the same level at which the leaf bases reached their maximum size. 


D Primary Cortical Lisstes 


The histological characteristics of the cortical zones of the arborescent lycopods are of a wide variety 
and have been reviewed by Sewarp (1910). One can find information about the cortical histology of forms 
described since 1910 in the various papers in the bibliographies of papers by CALDER, FELIX, PANNELL, 
and WaALTON, since it is not our present purpose to review the histology of the various species. This 
present discussion will be confined to those aspects of the cortical morphology which are of a more 
general nature, particularly possible changes in the cortical morphology at various levels in the plant 
body, and changes brought about by the production of secondary tissues. 

Regardless of the size of the branch, there are three recognizable cortical zones. In many of the 
specimens the cells of the middle cortical zone are not preserved so that a circumstelar lacuna results. 
Whether this is due to some natural loss of the tissues during development, or is only due to the preser- 
vation remains uncertain. 

The inner cortex is generally made up of isodiametric parenchyma cells, which are much smaller 
in size than are those of the next outer zone. Small lacunae, secretory cells, sclerotic cells, and fibers 
occur in this zone in the various species. Furthermore, this zone is generally narrow, in contrast to the 
broader middle and outer cortical layers, and is seldom present around very large steles, probably due 
to crushing by secondary stelar tissues. 

The middle cortical zone makes up a larger proportion of the mass of the branch. The histology of 
this zone is also quite variable, but unlike the inner zone, the tissue makeup seems to be related to the 
size and to the age of the branch. Unfortunately, we lack a sufficient number of specimens of any single 
species in which this zone is preserved, to arrive adequately at the changes from one level to another in 
the plant and to distinguish such changes from those arising as part of the aging process at any given 
level. The differences found in specimens of various sizes may be illustrated by contrasting two speci- 
mens of Lepidodendron vasculare (LD-69, and a larger branch, not assigned a specimen number, meas- 
uring 21.0 mm X 13.0 mm in cross-section). The smaller specimen, a protostelic branch of the same 
species as the larger one, has a middle cortical zone made up of relatively large, isodiametric parenchyma 
cells (Pl. 11, fig. 1), while the larger stem, representing a more basal level, shows a comparable cortical 
zone with a very different histology. In the larger stem, the middle cortex possesses lacunae with radi- 
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ating series of parenchyma cells about the leaf traces. This lacunar middle cortex of Lepidodendron 
vasculare may have arisen from continued cell division and expansion of a more homogeneous tissue 
lacking lacunae. However, lacking sufficient specimens, we cannot correlate the changes in the middle 
cortex with aging. In this regard, we may mention that the middle cortices of large branches of other 
species of Lepidodendron which appear to be relatively advanced in age show extremely large amounts 
of radially seriated parenchyma surrounding the leaf traces. Usually the intervening cells between these 
cylinders of what appears to be secondary parenchyma are not preserved. Occasionally, other indica- 
tions of proliferation of secondary parenchyma occur and are evident as radially aligned rows of cells 
in the outer portion of the middle cortex. The evidence at hand, therefore, points to the ability of the 
middle cortex to undergo cell divisions and to produce secondary tissue with age. 

In most of the species where sufficient information is available, the cells of the primary outer 
cortex do not appear to have been very elongate. In transverse section some stems have thickened walls 
and may approach collenchyma in appearance. The cells do not show any regular arrangement. 

The onset of a secondary development in the outer cortex occurred at a variable depth, separating 
the original cortex into two zones. The residual inner part of the outer cortex remained primary in most 
species. In Lepidodendron vasculare, however, the cells in this zone expanded tangentially and divided 
to produce radiating zones of larger parenchyma cells which tapered toward the outside of the stem. 
A section of the cortical layers about the stele of specimen LD-66 is shown in Pl. 15, fig. 45. The inner 
margin of the outer cortex is at the bottom of the photograph. Areas of typical primary cortical par- 
enchyma alternate with the zones of tangentially expanded cells in the lower half of the figure. Out- 
side of the unaltered groups of primary cortical cells is the periderm zone. The periderm consists of 
radially aligned rows of cells of the type found typically in lycopsid periderm, with the rows grouped 
into bands of radiating secondary tissue. Alternating with the bands of typical periderm cells are the 
continuations of the wedges of expanded parenchyma found in the inner portion of the cortical zone. 
The wedges of expanded parenchyma taper toward the outside of the stem, and the zone of typical peri- 
derm cells becomes continuous about the stem. 

Remnants of this inner portion of the outer cortex persisted in very old parts of the tree, and are 
found in some of the trunks of Lepidophloios wuenschianus (S—Ewarp and Hırı 1900). It would appear 
that this tissue had some ability to increase in girth, since at the levels near the base of the tree, the 
entire cortical cylinder had expanded in diameter greatly to produce the large trunk from the relatively 
small stem originally present at those levels. 

The developmental changes in the middle and outer cortex at the base of the tree remain unknown. 
Generally, large trunks are found with a hollow zone about the stele, which extends to the periderm 
cylinder and which may have small amounts of the old outer cortex along its inner margin. Whether 
the middle cortex was able to expand by cell proliferation and enlargement to keep up with the expan- 
sion of the secondary cortical cylinder is unknown. It is possible that the middle cortical tissues might 
have been torn apart by the expansion, to produce a circumstelar lacuna as Beck (1957) has suggested 
for the lowest levels of Levicaulis arranensis. It is clear that later in the development of the plant, 
massive branches possessed very extensive middle cortical zones (e.g. LD-1, Pl. 13, fig. 34), and that this 
zone was relatively compact and non-lacunar, even after considerable secondary cortical proliferation 
had occurred. It therefore seems unlikely that the crown branches developed circumstelar lacunae with 
age, at least in some of the species. 


6. Secondary Cortical issues 


The nature of the secondary cortical tissues produced in various species varies in the kinds of cells 
and in the presence of special structures in the secondary zone. In general, the secondary cortical tissues 
produced in the outer cortex proper, as opposed to that in the leaf base zone, consist of slender, elon- 
gated cells. The comparative histology of the secondary zone may be found in various text reviews of 
the group such as that of Sewarp (1910) and in the papers describing each of the species. 
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Extensive production of secondary cortex (or periderm) led to very thick cylinders of this tissue in 
the lower levels of the plant. Arnorp (1940) and Fenix (1952) have noted the occurrence of periderm 
zones with thicknesses of 15 cm and 51 mm respectively. Very thick zones of periderm often occur as 
isolated fragments at various coal ball localities. 


Specimens such as LP-5, LP-6, and several figured in the literature (e.g., Watton 1935, Pl. I, fig. 5, 
and Pl. II, fig. 6a; Scorr 1920, fig. 62) have some periderm, although they lack secondary xylem. We 
cannot estimate the absolute time involved in the sequences of development, but we can state that, at a 
given level, periderm production preceded the production of secondary xylem. 


The question of the relative amount of periderm present at a comparable age and at a comparable 
level in the various species cannot be answered from the amount and type of material we now have. 
Considering the very obvious fact that the amount of periderm varied at different levels in a single 
plant, it becomes impossible to use this character for taxonomic purposes. 


The question of the exact position of origin, and mode of initiation of periderm has recently been 
revived (Brcx 1957). A review of the historical development of ideas concerning the periderm and the 
sequence of events involved in its production may be found in a paper by Kiscu (1913). The prevailing 
ideas which have been presented in most treatments of the branched arborescent lycopods since 1913 
are briefly summarized below: 


1. A single layered phellogen arose from cortical parenchyma in the outer cortex, just beneath 
the leaf bases. 


2. The phellogen produced a relatively small amount of tissue toward the outer surface of the 
stem — the true phellem. 


3. The phellogen produced a larger amount of tissue toward the inner part of the stem — the 
phelloderm. 


4. In the phellem, additional cell divisions led to the septation of the cell products of the phel- 
logen. These subsequently divided cells form the so-called meshes. 
5. The phelloderm consisted of elongate cells and may or may not have meshes. 


In contrast to this classical explanation of the origin of the secondary cortical tissues, we may 
briefly describe the views of Beck, presented in 1957. In material of Levicaulis arranensis, BECK 
reported tangential bands of meristematic tissue, interspersed with secondary cortical fibers. These 
bands of secondary tissue were interpreted as the products of successively formed meristematic zones 
produced in the cortex at varying depths by a dedifferentiation of the primary cortical cells. The pre- 
sence of short radial files of secondary cells, often showing non-alignment with neighboring cell files in 
either a tangential or radial sense, supports this view. In contrast to this view, Wa tron (1935) has 
suggested that much of the radial organization of the cortical tissues does not reflect a secondary origin 
in the sense of production of a tissue from some lateral meristematic zone. In his study of Lepidophloios 
wuenschianus, he suggests that the occurrence of tangential divisions in the cells produced from the apical 
meristem led to a cortex with cells in radial files, and that subsequent elongation and thickening of the 
walls produced the characteristic cells commonly referred to as periderm. If such were the case, 
however, it is difficult to explain the occurrence of non-seriated cortical layers in specimens which 
represent early stages of development such as LP-5, LP-6, and the various branches of Lepidophloios 
pachydermatikos. , 

Furthermore, the occurrence of radial files of secondary periderm cells, which extend from the 
inner limit of the secondary zone to the outer layers just beneath the leaf bases, does not support Brck’s 
views. In the stem material described here, there is almost no occurrence of short radial files. 


The secondary cortical tissues of Sigillaria and Stigmaria give no evidence of a single-layered cam- 
bium. For example, the production of meshes in Sigillaria approximata in the zone comparable to the 
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so-called phelloderm of the lepidodendrids, illustrates the capacity for subsequent cell divisions at many 
levels in the cortical zone. The periderm of Stigmaria, made up of short radial files of cells, which do 
not align with each other, is further evidence of the origin of the various cell files from scattered cells 
of the primary cortex. 

The so-called “phellogen” of the stems appears to represent the immature, late formed, secondary 
cells from the outer cortex as Beck has suggested. The crushing of the cells of this zone would seem to 
show that the phellogen is a contact area where the rapidly expanding deeper layers were crushed due 
to the failure of the leaf base zone to expand tangentially at a comparable rate. 

The periderm of stigmarian axes is very similar to that formed by some monocotyledons. In those 
having a so-called “Etagencambium” no distinct initial cells are present, that is, there is no distinct 
phellogen. A given cell in the outer cortical layers becomes meristematic, producing a radially oriented 
series of cells by successive periclinal divisions. The cells of the series soon lose their meristematic 
potentialities and become mature. Successively deeper cortical cells repeat the process, producing a 
periderm that resembles that of Stigmaria, being made up of radially oriented, non-aligning cell rows 
of relatively few cells per row (ScHouTE 1902, PnHıLıpp 1923). Various modifications in this process occur, 
and details may be found in the two works above and also in works by SOLEREDER and MEYER (1928) and 
Esau (1953). The fact that some of the cortical layers are not involved in secondary tissue production 
leads to a periderm with included primary cortical cells. This is a situation which is similar to that 
described in Levicaulis arranensis by Beck (1957). In stems of the arborescent lycopods, the meri- 
stematic cells in the leaf base zone, and sometimes in the deep layers of the cortex, also divided anti- 
clinally to produce the meshes previously described. The long radial files of cells characteristic of the 

periderm of stems, in contrast to the above, result from the continuance of the meristematic poten- 
_ tialities of the cells in the files, prior to the development of wall thickening. One interesting modi- 
fication found in both monocotyledons and in some species of arborescent lycopods involves the pro- 
duction of tangentially oriented bands of specialized cells between the bands of the more typical peri- 
derm cells. In forms such as Monstera deliciosa, tangential rows of cells with thickened cell walls occur 
(Puitipp 1923), and in others, such as Cordyline indivisa, secretary cells are found in the periderm zone. 
These specialized cells in the periderm may be compared with the tangential bands or isolated groups 
of thin-walled cells often found in the periderm of arborescent lycopods. 


1. Changes caused by production of secondary cortical tissmes 


As suggested above, the outermost primary cortical layers and leaf bases were able to expand to a 
limited degree as additional secondary tissues were produced in the layers beneath. There appear to 
have been two types of development whereby this outer zone compensated for the great amount of 
expansion of the underlying cortical layers. 


In Lepidodendron dicentricum, regions with tangentially expanded cells developed in the leaf bases 
proper, by the dedifferentiation of leaf base parenchyma and cell enlargement, followed by numerous 
divisions of the enlarged cells. Toward the outside of the stem, these regions increase in width and con- 
sist of progressively more cells, thereby making it possible for the leaf base zone to yield to the tensions 
produced by the expanding tissues interior to them. In the original description of this species (FELIX 
1952, fig. 19), we can see that these “phellem meshes”, as they were designated, occur in greater numbers 
and are larger between adjacent bases. A breaking down of these parenchyma meshes could eventually 
lead to the formation of furrows in the leaf base zone and would also allow a certain amount of separation 
of the bases. 


In Lepidodendron scleroticum, in contrast to the above situation, no meshes are produced in the 
leaf base zone, nor does a large amount of tangential expansion of the cells occur so that the leaf base 
zone cannot increase in circumference materially. In very small stems the bases are usually very well 


preserved, but in the larger branches, where considerable secondary xylem and cortical tissues have 
been produced, the leaf bases are never distinct nor well preserved. In such stems the bases frequently 
show fractures between adjacent bases, and the leaf base zone is often separated from the underlying 
cortical tissues (in this respect, we may refer to the photographs of the various branches of Lepido- 
dendron scleroticum, Pl. 11, figs. 5-11). It seems most likely, therefore, that in Lepidodendron sclero- 
ticum the leaf bases were quickly lost with aging even in relatively distal branches of the plant. 


Since massive branches are not necessarily “old”, it follows that the occurrence of intact leaf bases 
on the outside of very large stems, such as LP-5, merely reflects the initially large primary body pro- 
duced at that level in the plant. The use of size of a branch as a measurement of its age is probably 
responsible for the interpretation of Scorr (1900) that the leaf bases persisted on the trunk itself, and 
that of Kiscx (1913) who stated that the leaf bases remained on the branches indefinitely. Sewarp and 
Hırı (1900) and Sewarp (1910) deduced from their work on trunks of Lepidophloios wuenschianus that 
the outer surface of the trunk was bark-like, irregular, and had vertically aligned ridges in the outer- 
most periderm. This same general type of trunk surface was described for Lepidophloios kansanus by 
Feuıx (1952). The specimen of Lepidophloios kansanus in Pl. 12, fig. 25, for example, consists of a large 
stele, surrounded by remnants of its primary cortical zones and a zone of periderm about 3.5 cm deep. 
The outer surface of the periderm is deeply ridged, and from tangential sections of other specimens it 
is certain that the ridges ran vertically down the stem, and did not reflect the old leaf base spirals. 
Casts of the basal portions of trees exhibit the same ridged outer surface with a typical bark-like texture 
(PL 15, fig. 51). 

The height to which this rugose bark extended up the plant depended of course upon the age of the 
tree, and as yet we lack any specific information on this point. The specimen of Lepidophloios kansanus 
mentioned above (Pl. 12, fig. 25) could not be measured exactly, because of the crushing of its stelar 
tissues which made measurement of the primary xylem cylinder impossible. However, it is clear from 
the approximate size of the primary xylem cylinder that the specimen was from a level relatively high 
in the main axis or one of the more major branches of the crown of the plant suggesting that the ridged 
bark extended for a considerable distance up the trunk. 


It is possible that many of the large slabs of leaf bases, preserved both as impressions and as petri- 
factions, may be accounted for by a sloughing off of the leaf base zone as a unit at times. In some cases, 
however, leaf base remnants remained scattered on the surface of the stem, even after a great deal of 
secondary cortical expansion had taken place (see, for example, a specimen of Lepidodendron vasculare 
figured by Hirmer 1927, fig. 257). 


Il. Sigillaria 


At present we have far fewer well preserved stem specimens of this genus than of the much- 
branched lycopsids, and, as far as I am aware, only two fragments complete in cross-section have been 
described thus far. 

Some recently described material of Sigillaria approximata (DELEVoRYAS 1957) of Upper Pennsyl- 
vanian age provides a series of 6 exceptionally well preserved xylem cylinders, ranging in cross-sectional 
dimensions from 33.5 mm X 30.0 mm to 24.0 mm X 13.0 mm (Table 8). In these steles there seems to 
be a correlation between a small primary xylem cylinder, and a large amount of secondary xylem. As 
the primary xylem cylinder increased in diameter, less and less secondary xylem was produced (text 
figs. 45—50), illustrating the same phenomenon found in the branched species previously described. As 
has been pointed out by Detevoryas (1957), these steles are consistent with those of the basal levels of 
Lepidophloios wuenschianus, illustrating expansion of the primary xylem cylinder and progressively less 
secondary xylem production as one moves toward the apex of the stem. 
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Table 8. Dimensions of xylem cylinders of Sigillaria approximata. 
Measurements are in millimeters, and were made from transverse sections. 


dimensions dimensions of diameter of width of diameter width of + of 
=; ofxylem primary xylem | primary xylem | secondary xylem of pith primary xylem | crenulations 
il WAS XS Sil) 20.0 X 20.5 20.25 5.2 to 6.8 1084172 SOLE) 25 
2 26.0 X 23.5 8.0 X 10.0 9.0 4.6 to 9.0 Way SS G0) 1 WO: Ne 26 
3 33.5 X 30.0 25.0 X 22.0 23.8 4.0 to 5.0 22.0 X 20.0 no 5 a 
4 24.0 X 13.5 23.0 X 12.0 127.5 DOT, 9.2 X 20.0 ‚Snto=lS 23 
5 25.0 X 19.5 19.028265 18.25 12210870 13.0 X 18.2 6210212) 28 
6 31.0 X 27.0 20.0 X 18.0 19.0 4.1 to 6.3 MAO WSS .8 to 1.4 26 


A branch of Sigillaria approximata, described by GraHAM (1935), gives us some idea of the massive- 
ness of the primary body in this genus. We may estimate the original diameter of the branch as about 
15 cm (the specimen was crushed, and measured 25 cm X 5.6 cm), while the diameter of the stele, which 
had both primary and secondary xylem, was 1.8 cm. It is clear, therefore, that the genus Sigillaria also 
produced a relatively massive primary body, but since branchings were very few, we do not know just 
how the morphology of the stele and branch changed once the most massive condition was reached. 

The stelar series above does allow us to suggest that the development of a plant of Sigillaria was 
essentially like that of Lepidodendron and Lepidophloios, growing from a small sporeling, rather than 
from a massive bulbil or bud, as was once proposed by Granp’Eury (1890), whose views were followed 
by SEWARD (1910) in his treatment of the group. 

The secondary development of the cortex led finally to the sloughing off of the leaf base zone in 
older portions of the plant, so that a rugose exterior with scattered parichnos areas was produced 
(DELEvorYAs 1957). In this respect, from the varying types of parichnos markings on the surfaces of 
sigillarian casts, it appears that different depths in the cortical zone are represented and that the casts 
are not necessarily the exterior of the tree. 

It should be mentioned that the occurrence of casts of Sigillaria with very large diameters tells us 
very little concerning the massiveness of the primary body, since we cannot determine the proportion 
of the size which is due to primary construction and that which arose from secondary tissue production. 
Large slabs of leaf bases suggest that very large primary dimensions were reached in the stem but we 
cannot determine the diameter of the branches from these impressions. 

The influence of the “size factor” upon the fluting of the primary xylem cylinder does not seem 
to be pronounced in the genus. Bower (1930) suggested that fluting was correlated with the size of the 
primary cylinder. However, the steles from Calhoun, Illinois, do not support this. The smallest primary 
xylem cylinder (S-2, text fig. 50), with cross-sectional dimensions of 8 mm X 10 mm, is as prominently 
fluted as the larger cylinders with diameters 2'/2 times as great as that of S-2 (see Table 8). The distance 
between ridges of primary xylem was greater in the larger cylinders, but the depth of the embayments 
was approximately the same in all of the steles. The number of flutings was approximately the same in 
all of the steles also, so that this aspect of the stelar morphology is not affected by the changes in 
dimensions of the primary cylinder in the range present in the above steles. 


IH. Underground Axes 


Stigmarian systems taper gently distally and rootlet scars, which were persistent apparently even 
after considerable secondary cortical thickening, are largest at the most proximal levels where they are 
present and decrease in size toward the tips. The question arises of just how much of this taper is due 
to production of secondary tissue and how much, if any, is due to changing dimensions of the primary 
body in these axes. 
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The occurrence of petrified stigmarian axes composed almost entirely of primary tissues suggests 
that relatively massive primary bodies were produced in the underground portions of the arborescent 
lycopods as well as in the aerial parts. One such specimen was originally described under the name 
Xenophyton radiculosum by Hick in 1893 and has since been regarded as a species of Stigmaria (Weıss 
1902, Sewarp 1910). The branch has a diameter of 4.5 cm, with broad primary cortical layers, very little 
secondary cortical development, and a small stele, about 5 mm in diameter, which has a zone of second- 
ary xylem only 6—7 elements thick. By analogy with the aerial stems previously described, we may 
regard this specimen as representing an early stage of development of some level in the stigmarian 
system. Steles of Stigmaria ficoides are much larger and generally have abundant secondary xylem, a 
relatively large pith, and therefore, a large primary strand system. Steles such as ST-1 and ST-2 (text 
figs. 51, 52; Pl. 16, figs. 52, 53) have pith diameters of over 1 cm, in contrast to the progressively smaller 
dimensions of pith and primary xylem strand systems in smaller steles. 

In the steles referable to Stigmaria ficoides, the dimensions of which are presented in Table 9, as 
the diameter of the pith decreases, the amount of secondary xylem becomes less. Therefore, large steles 
tend to have large pith and abundant secondary xylem, while small steles have less secondary xylem 
and a smaller pith (the various steles may be compared in this respect by referring to text figs. 51—54 
and Pl. 16, figs. 52—56). 


Table 9. Dimensions of xylem cylinders of stigmarian axes. 
Specimens ST-1 through ST-5, and ST-12 are S. ficoides. Specimens ST-6 through ST-11 are S. bacupensis. 


dimensions width of Measurements are in millimeters and 
stelar type i 
of xylem secondary xylem | were taken from transverse sections. 
1 20857 Si 11 
2 24 X 40 Si 13 
3 1102225 Si 7 
4 9 X 23 Si 4 
5 8.5.26 11 Si 4 
12 ial 38 yy Si 6 
6 APIS BY) Pr 162 
7 15219 Br 1.0 
8 1.9 X 2.2 180% 0.8 
9 TO? Pi 1.2 
10 0.7 X 1.0 er 0.5 
11 0.5 X 0.8 BE 0.3 


A number of steles referable to the species Stigmaria bacupensis, as described by LECLERCQ (1930), 
were studied, and provided further information concerning stelar morphology for a range in size different 
from that of the larger Stigmaria ficoides steles. In this type we find once again that the larger primary 
xylem cylinder, in this instance composed completely of tracheids, is associated with greater abundance 
of secondary xylem. The smaller steles, with smaller primary cylinders, have less secondary xylem. The 
correlation between size of the primary stelar body and the amount of secondary development is shown 
in the line drawings, text figs. 55—58, and the photographs, in Pl. 16, figs. 57—62. Dimensions of the 
steles may be found in Table 9. This correlation between primary stelar size and the amount of second- 
ary development is the same as was found in many specimens of stems. 

As yet we lack any specimens to correlate these stelar changes in the various levels of the under- 
ground system with changes in the overall axis morphology. Indeed, we cannot demonstrate the stelar 
changes in any species of Stigmaria from the center of the system where its vascular system was con- 
nected to that of the aerial stem, outward to the distal ends of the branches. It should be mentioned, 
however, that the evidence now at hand suggests that the stelar morphology underwent a series of 
changes which paralleled those found in the crown portion of the plant. It is also very possible that 
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several of the species thus-far delimited cannot be maintained in the light of this changing morphology. 
A species such as Stigmaria bacupensis, with a smaller stele (no stele over 4 mm in diameter has been 
described thus far) although it has a primary stelar construction different from that of the larger forms 
such as Stigmaria ficoides, need not be recognized as a distinct species, considering the stelar changes 
at various levels in the aerial parts of a given form. The association of small steles with small rootlets 
and axes with little secondary development, such as those described by Lecrerce (1930) for this species, 
may be contrasted with the larger rootlets and axes with more abundant secondary stelar and cortical 
development in specimens of Stigmaria ficoides. As regards rootlet size, one may observe the gradual 
decrease in the size of the rootlets and their scars as one moves distally along the surface of stigmarian 
casts. Furthermore, the greater amounts of secondary development in the forms with large rootlets and 
steles tends to point to these levels as being more proximal parts of the underground system. 

If this is the case, we have not discovered any clearly young stages of the system where a relatively 
massive primary body is present, since the specimen of Stigmaria radiculosum previously mentioned 
must be from a fairly distal position, judging from its size and is much smaller than known proximal 
branches of Stigmaria, such as those found in extensive systems in England and elsewhere. Further- 
more, to derive the large siphonostelic vascular cylinders of the Stigmaria ficoides type from the small, 
protostelic base of the plant, an expansive phase of stelar development must have been present. We may, 
therefore, eventually find very large steles with a small, possibly non-medullated primary cylinder in 
combination with a very great amount of secondary xylem, corresponding to the basal levels of the 
stele found in Lepidophloios wuenschianus. In any case, changing morphology in various parts of the 
stigmarian system is a distinct possibility, and may be in part responsible for the dimensional differences 
reported for some forms and the apparent stelar diversity in the genus. 

Stigmarian secondary cortical tissues with short cell files, having no distinct alignment with each 
other, appear to have been produced from a diffuse meristem as they were in the stems. In the under- 
ground parts, however, the various cell lineages are not extensive, so that long radial files do not extend 
from the outer edge of the secondary zone to the inner one. These cell files were produced by the 
de-differentiation and successive divisions of cells at varying depths in the primary cortex. The short- 
ness of the files shows that a given cell lineage soon ceased dividing, while the non-alignment of the 
cell files shows that the initial divisions were not confined to any single depth in the tissues. Apparently 
sufficient periderm was formed to obliterate the old surface features of the axis and to produce a ridged 
barky exterior which extended farther out on the axes as the plant aged. 


IV. Summary of Morphology 


The following is a brief summary of the morphology of the primary and secondary bodies of the 
branched arborescent lycopsids. 


A. Primary Body 


1. The primary vascular strand of the sporeling was a minute solid cylinder of tracheids. The small 
dimensions of the primary xylem indicate that the aerial stem probably had a small diameter 
at the time of the differentiation of the xylem. 


2. The primary body at successively higher levels became more and more massive. This phase of 
development during which the dimensions of the various components of the primary body 
were continually increasing in size is reflected in the increasing dimensions of the primary 
xylem cylinder, the increasing amount of medullation, and the progressive widening of the 
cortical layers. 
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. In the branching species, the various parts of the primary body reached their maximum mature 


dimensions just below the level of the first dichotomy. 


. A process of diminution of the primary plant body was associated with branching, which 


produced daughter axes with smaller dimensions than those of the parent branches. Each sub- 
sequent branching in the crown of the plant resulted in progressively smaller primary bodies 
in each successive branch order. 


. The various components of the primary body became progressively smaller; the primary vas- 


cular cylinder progressively lost its pith so that each of the most distal branches contained a 
minute solid strand of tracheids. 


6. Primary xylem cells became progressively smaller in successive branches of the crown. 


7. Leaf base dimensions probably increased during the early development of the plant, reaching 


maximum size on the trunk at the levels where the other components of the primary body 
reached their maximum size. With successive branchings the leaf bases were smaller, and the 
number of rows decreased on the branches. 


8. The phyllotaxy changed from level to level in the plant. 


9. Leaves of some species were small at the base, larger above, and again smaller at higher levels. 
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B. Secondary Body 


. Secondary cortical and stelar development is an indication of the age of a specimen and is 


therefore useless, at present, as a taxonomic criterion. 


. There is no indisputable evidence that any of the species of Lepidodendron or Lepidophloios 


did not produce secondary xylem. 


. There is no method by which we may evaluate the various species as to the maximum amount 


of secondary xylem produced, or as to the rate of production. 


. Production of secondary cortical tissues caused an expansion of the diameter of the stems. 


Superimposed on the obconical, acropetally expanding primary body are secondary tissues 
which produce a columnar, or even slightly tapering, trunk. The absence of such expansion 
would have resulted in an obconical stem. 


. The secondary cortical tissues, or periderm, were not produced from a single-layered cambium, 


but rather by the continued division of cells at several depths in the outer cortex and leaf base 
zone. 


. The presence of uninterrupted radial rows of periderm cells indicates persistent cell production 


by many generations of secondarily produced cells. 


. Short radial rows of cells result when the successively produced secondary, elongated, peri- 


derm cells ceased dividing after relatively few new cell generations were produced. 


. In some forms the cortical cells immediately beneath the leaf bases became meristematic and 


produced a small amount of secondary tissue. As was the case with the deeper cortical layers, 
the cell divisions were not confined only to a single layer, but in some regions were diffuse, 
leading to the production of so-called meshes. 


. Secondary cortical development led to the separation and eventual loss of the leaf bases. The 


outer surface of older portions of the stems consisted of a ridged bark. 


The so-called “phellogen” of earlier workers appears to be a contact zone, where crushing of 
cells occurred, due to the failure of the leaf base zone to increase in girth as rapidly as the 
underlying cortical layers. 


aa eee 


V. Discussion 


A. Types of primary development and their occurrence 


Approximately 35 years ago Bower and WaArpLaw created an awareness on the part of morpho- 
logists of the role of size in determining the primary internal structure and form of plants (Bower 1921, 
1923, 1925, 1930; WarpLaw 1924, 1925, 1928). By comparing various levels in the branches, rhizomes, or 
roots of several living pteridophytes and angiosperms, they illustrated the effect of increasing size of 
the stele (referred to as the “size factor” by Bower) as it related to the pattern of vascularization. These 
workers thereby brought another rather neglected aspect of the morphology of vascular plants into the 
discussion. We might refer to this factor as that of level or position in the plant body and its relation 
to the morphology at that level. Numerous studies have dealt with changes in morphology and internal 
anatomy at various levels in a plant during the last 2 decades (Batt 1949, DELEvoryas 1955, HEIMSCH 
1950, Morcan 1959, MULLENDORE 1948, Preston 1943, TroLL and RAuH 1950). 

Ferns, in particular, display profound changes in their stelar systems which are correlated with the 
development of an obconical stem. This phase of development is of varying vertical distances, and the 
specific stelar changes are very different in different forms. The reader is referred to the works of 
Bower (1923, 1926), Ocura (1927), and Tanstey (1907) for bibliographical listings. 

Although this matter of a changing morphology from level to level in the plant body may seem to 
be merely one more interesting aspect of the morphology of vascular plants to the morphologist of 
living forms, it is of great importance to the paleobotanist who must usually depend upon isolated 
fragments to build up his conception of both external form and internal structure. It is obvious that the 
problem of changing morphology adds greatly to the problems already present in the material. This 
phenomenon further necessitates the use of many specimens, which can be referred with some assurance 
to representative portions of the plant body. 

Two recent studies that have considered this source of variation among specimens of fossil forms 
are Morcan’s (1959) monograph on the North American species of the genus Psaronius and DELEvoRYAs’ 
(1955) study of the medullosan pteridosperms. It appears that this source of variability has been insuffi- 
ciently emphasized in the arborescent Lycopsida. 

One might think that the morphology of the arborescent lycopods, as proposed here, was somewhat 
bizarre, and not supported by evidence of a similar form of development from any other vascular plant 
group. Such is not the case, however. In general, the basic changes in the morphology of the primary 
body during the growth of the individual plant are strikingly similar to those found in other plant 
groups. This basic similarity of development seems to arise from the limited number of possible types 
of changes which may occur in the primary body as the development of the individual proceeds. 

One possibility is that the mature primary body may increase in size at higher levels and this would 
occur for varying vertical distances in the early stages of growth of almost all vascular plants. Generally 
increase in size is accompanied by increasing complexity. This is the aspect of development studied in 
greatest detail by Bower and Warp.aw, particularly as it related to stelar changes. 

Another possible trend is that the primary body remains essentially of the same dimensions and 
complexity, and that this condition would persist for varying amounts of time during the development 
of different species of plants. 

The last possibility is that the successively produced mature primary body is progressively smaller 
and generally has a more simple arrangement of tissues as a result of the decrease in size. 

All these types of primary development occur among vascular land plants, and generally all three 
of them also occur to varying extents in the life of the individual plant. 

To refer to these varying modes of development of the primary plant body, the following terms are 
proposed: 
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Text Fig. 75. 
Reconstruction of a mature plant of Lepidodendron. 


X 1/100. See text for full explanation. 
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That type of development which results in a progressively smaller and generally more simple 
primary construction may be termed apoxogenesis (from Gr. apoxys, tapering off; and genesis, 
origin). 

Development resulting in a progressively larger and generally more complex primary body may be 
termed epidogenesis (from Gr. epidosis, increase; and genesis, origin). 

In instances where the successively produced primary structures are approximately of the same 
dimensions and complexity, the development may be referred to as menetogenesis (from Gr. 
menetos, inclined to stand fast; and genesis, origin). 

Changes in the dimensions of all, or various parts of the primary body, at a given level, which 
occur over an extended period of time, are not included in the above terms. 

Before we compare the morphology and development of the arborescent Lycopsida with that of 
some of their closest living relatives, some comments on the occurrence in vascular plants of these three 
modes of primary development would appear to be useful. 


1. Occurrence of Epidogenesis 


The phenomenon of epidogenesis is characteristic of the early stages of development of most vascular 
plants, in the sporeling, seedling, or adventitiously produced plantule, prior to the production of what 
we may refer to as the mature condition. The stem of Lupinus albus, for example, undergoes a series 
of very noticeable changes as the young plant develops, becoming obconical, with a progressive addition 
of vascular strands as the diameter of the primary body increases. The number of vascular bundles may 
vary from about 8 at the base to about 24 at the level where the maximum diameter is present (BALL 
1949). Corn and extreme herbaceous dicotyledons also have obconical stems, where the increasing size 
of the stem has resulted in a general increasing complexity in the anatomy at successively higher levels 
(Trott and Raux 1950). In the later stages of development of some angiosperms, expansive development 
occurs after branching, where it is usually limited to the lowest levels of the daughter branch. This 
secondary expansion of the primary body also occurs after branching in the stele of the arborescent 
lycopods, as was previously mentioned, and in the arborescent Sphenopsida, as will be discussed in a 
later contribution. The production of tubers and other fleshy storage organs usually involves epido- 
genesis in both cryptogams and angiosperms, and such growth also occurs in the production of flowers 
or cones in many forms. Epidogenesis is also known to occur in the bases of the cones of the arborescent 
Lycopsida (Ferıx 1954) and Sphenopsida (ANDERSON 1954). 


2. Occurrence of Menetogenesis 


In general morphologists and anatomists consider the mature cauline morphology of the primary 
body of a given plant as being relatively constant in dimensions and tissue patterns. This is not the 
usual situation, however, and in many vascular plants, very little of the cauline system exhibits what 
may be referred to as a stationary or constant morphology of the primary body. 

In some plants, such as typical woody angiosperms, the vast majority of the cauline parts do have 
a similar primary construction once the “mature” condition is reached early in the development of 
the plant. 

In other woody arborescent forms, particularly living gymnosperms, the branches become variously 
specialized, so that several shoot types, with primary bodies of varying dimensions and strand com- 
plexities, develop on the same tree. The anatomical differences between short shoots and long shoots in 
such a genus as Ginkgo may be cited as an example (CHAMBERLAIN 1935). BucHHorz (1938) found primary 
shoot morphology and apex size to vary in various size classes of shoots in the genus Sequoia, some of 
which were destined to form microsporangiate or megasporangiate cones, while others were persistently 
different types of vegetative shoots. In such plants as these, there is, therefore, more than one type of 
mature primary body in the various specialized shoots of the cauline system, some of which are persi- 
stent for long periods of time. 
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Extreme herbaceous angiosperms, particularly those with determinate growth as a result of the 
production of an inflorescence terminally on the main cauline system, usually show a more restricted 
stationary phase of development. The changes involved in the production of the flowering parts are 
foreshadowed by changes in the morphology far below the actual flower-bearing axes, and these changes 
are of the apoxogenetic type (Trott and Raux 1950, Hemscu et al. 1950). 


The situation usually present in living cryptogams is one in which the stationary phase is usually 
restricted to rhizomes, such as those found in Psilotum, Tmesipteris, Lycopodium, Selaginella, and 
Equisetum. In ferns, the plant may reach a stationary phase of development only in relatively advanced 
age, as in Psaronius and large marattiaceous forms, or relatively early in most of the smaller species. 
Here again, however, lateral cauline systems often show morphological patterns different from those of 
the parent axis or major rhizome. These lateral stem systems are most often apoxogenetic, becoming 
progressively more minute and generally simpler in internal structure distally. This is true in Pteri- 
dium, for example, in which small lateral leaf-bearing short shoots of relatively limited growth occur. 
The major rhizome, which is leafless, is larger and has more vascular strands which are of somewhat 
larger size, although the general arrangement of the vascular strands into a dicyclic system is similar 
in both types of branches. Information concerning Pteridium development and morphology may be 
found in papers by WEBSTER and STEEvEs (1958) and Gorrzie (1959). The small diameter and smaller 
number of vascular strands apparently persist in the lateral short shoots. 

In most of the primitive vascular plants of the Paleozoic, the stationary phase of development of 
the primary body appears to have been limited to the axes which are equivalent to the rhizomes of 
forms such as Lycopodium or Psilotum. 

From compressions of distally tapering stems which apparently lacked secondary tissues, such as 
various psilophytalean forms, we may be relatively certain that most of the lateral branch systems 
exhibited apoxogenetic development and were of limited growth. Petrified forms such as Cladoxylon 
also appear to have had extensive branch systems of changing morphology caused by limited growth. 


3. Occurrence of Apoxogenesis 


Apoxogenesis, with distal diminution and simplification of the primary body, is the characteristic 
mode of development of leaves of vascular plants. This includes leaves of any size, and both microphyl- 
lous plants and megaphyllous plants are alike in this respect. 

Although this type of development is limited to small portions of the cauline systems of higher 
plants, except extreme herbaceous forms such as were previously mentioned, it is fairly common in the 
lower vascular plants, and appears to have been widespread in the various Paleozoic cryptogams, many 
of whose phylogenetic relationships remain uncertain. In angiosperms the inflorescence axes, and por- 
tions of the stems below such axes show this gradual reduction in size, number of vascular strands, 
changes in vascular patterns, etc. Typical examples are Zea (Heımsch et al. 1950) and terminally- 
flowering dicotyledons such as Kalanchoe. 

As was pointed out in the description of arborescent lycopod stems, a simple tapering is not evi- 
dence of the occurrence of apoxogenesis, nor is an increase in the external diameter always evidence 
of epidogenesis. As Trott and Rauu (1950) have pointed out, primary thickening may continue over a 
long period, and, if this is mainly cortical, a massive stem results, without any material changes in the 
stelar system. This is the type of thickening characteristic of some Cactaceae. The production of secon- 
dary tissues accounts for the progressive tapering present in many cauline systems, and in such plants 
little can be said concerning changes in the primary body merely by external inspection. This was the 
case in the arborescent Lycopsida. In ferns, or living cryptogams of the Psilotales, Lycopodiales, and 
Equisetales, the absence of secondary tissues greatly simplifies the interpretation, since external dimen- 
sions reflect changes in the primary organization. 
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One documented instance of apoxogenesis in roots of a living gymnosperm has been described. In 
1943, Presron described the morphology of the root systems of young trees of lodgepole pine, Pinus 
contorta var. latifolia. In two-year old root systems, for example, the tap root, which was tetrarch in 
its highest levels, became, progressively, triarch and finally diarch in its distal portions. None of the 
lateral roots from this primary one had more than two protoxylem poles, and many of the tertiary roots 
arising from the diarch secondary roots were monarch. These monarch roots were typically very limited 
in growth, and became associated with mycorrhizal fungi. As the root system develops the primary vas- 
cular system undergoes reduction in the number of protoxylem strands. Just how long these various 
orders of roots live is not known so far as the author is aware. From this type of development, however, 
it may be suspected that a given root is of limited duration. 

Extant branched lycopods exhibit apoxogenesis in all the lateral branching systems from the rhi- 
zome which are of limited growth. The details of this process will be compared with those found in 
the arborescent forms in the section on comparative morphology and development. A similar series of 
events occurs in Psilotum and Tmesipteris where, once again, this distal reduction in size and tissue 
complexity is associated with the cessation of vegetative growth. The details of apoxogenetic develop- 
ment in the aerial cauline systems of Equisetum will be deferred until a later contribution. 


B. Comparative morphology and development of arborescent and herbaceous lycopods 


The comparative morphology of a typical herbaceous lycopod, such as Lycopodium clavatum, and 
the development of such a plant, may be compared with a typical branched arborescent form, such as 
Lepidophloios wuenschianus, by means of two series of diagrams (text fig. 60—67, and 68—74). The 
Lycopodium series is redrawn from Ocura (1938), while the series of various levels in a single mature 
individual of a typical arborescent lycopod is diagrammatic, and does not intend to represent any spe- 
cific levels in the plant with the exception of the basal level of the trunk (text fig. 68). 

The sporeling of Lycopodium is characterized by having a small stem, which may be produced 
directly from the embryo or may follow a protocorm stage. The sporeling has a small protostele, with 
few protoxylem poles, and a few parenchyma embayments in a form such as Lycopodium clavatum. As 
the epidogenetic phase of development progresses, the newly-produced levels are increasingly larger, 
and the vascular system enlarges proportionally, becoming progressively more dissected by parenchyma 
with an accompanying increase in the number of protoxylem strands differentiated from the meri- 
stematic tissues. Finally, a maximum size is reached, in both stelar and stem diameter, in the rhizome 
of the plant. This stage of development is shown in text fig. 60, and persists during the life of the rhi- 
zome, as it continues to grow for an indefinite period of time. During this period of epidogenetic deve- 
lopment, the numbers of leaves and rows of leaves on the stem increase on the successively formed 
levels of the rhizome. 


A similar change in phyllotaxy also occurs during the early stages of development in Isoétes, where 
the divergence goes progressively from 1/2, to '/s, to ?/5, to 3/s, to 5/13, and then to 8/21 as the stem increases 
in diameter (EAMEs 1936). 

The early stages of development of the aerial portion of an arborescent lycopod witnessed the pro- 
duction of an increasingly more massive primary body. The sporeling was apparently small, and had 
a minute protostelic primary cylinder. The base of the more mature tree, shown in text fig. 68, depicts 
this small primary xylem cylinder surrounded by a large amount of secondary xylem. The production 
of abundant secondary cortical tissues, and expansion of the adhering inner portion of the outer cortex, 
greatly increased the original diameter of the stem at this level. The exact changes occurring in the inner 
and middle cortical tissues remain unknown; they are generally represented by the presence of a wide 
circumstelar lacuna between the outer margin of the stele and the fragments of outer cortex adhering 
to the periderm cylinder. 


From the presence of leaf traces at the very base of the trunks of Lepidophloios wuenschianus and 
Lepidodendron saalfeldense, it appears that the young sporeling was leafy. Although a great deal of 
lateral tissue production occurred to create the massive primary body of the trunk as it developed, 
elongation of the stem tissues after differentiation was probably very slight, since we find no evidence 
of any vertical separation of the leaf bases, nor any disruption of the protoxylem strands. As the stem 
developed, we may imagine it becoming increasingly larger and larger in diameter as well as in height, 
with progressively larger leaf bases in more and more orthostichies on the stem surface. Secondary 
cortical tissues would be developing meanwhile, causing expansion of the lower levels so that the stem 
would remain columnar even though the successively formed primary systems would be increasingly 
larger. 


The culmination of the expansive phase resulted in a stem with a massive primary body and with 
a siphonostelic vascular cylinder, exceeding 5 cm in diameter in at least some of the species, and with 
a large pith. The trunk was clothed with large leaf bases, which probably bore long, and relatively wide 
leaves at least in some forms. By the continued production of secondary stelar and cortical tissues, a 
condition such as that shown in text fig. 69 would result as this level of the plant became older. There- 
fore, the condition in text fig. 68 would be present at the base of the tree at the same time that the 
morphology of the type shown in text fig. 69 was present higher on the trunk. Progressive increase in 
the dimensions of the primary body probably continued until the trunk underwent the first dichotomy 
and, although we have very little information concerning the height at which this first branching occurred 
in any given species, we may tentatively estimate the range as being at least from 40 to 114 feet above 
the base of the plant. This range is based upon two specimens, and is presented here merely to give 
some idea of the height at which the crown portion of the tree could begin. The smaller specimen of 
the two was first figured by LinpLey and Hurron (1837), and has been refigured by several workers since 
that time (BroncniarT 1839, Hırmer 1927). While the larger specimen has never been figured, it has 
been briefly described by Scorr (1920). 


Returning now to the development of the extant herbaceous form, we may follow the events occur- 
ring after the production of the mature rhizome, particularly those involved with the production of 
the lateral branching systems. In Lycopodium clavatum, the branches of the first order from the rhizome 
are nearly as large as the parent rhizome by the time they are mature. Such branches arise from the 
nearly equal division of the apex, while more unequal branchings are caused by a proportionately 
unequal division of the shoot apex. The division of the apex therefore, determines the size of the two 
daughter shanks as they develop. A typical branch arising from the large rhizome is shown in text 
fig. 61, and is characterized by having a slightly smaller diameter, and stelar system, than those of the 
rhizome. The general trend of development of the entire lateral system of branches is apoxogenetic 
with a progressive reduction in the branch size, stelar size, and number of protoxylem strands. Text 
fig. 62, for example, pictures a branch which has arisen from the one shown in text fig. 61. This daughter 
branch is, once again, smaller and has a smaller and more simple vascular system than the branches 
below it in the lateral system. Cone-bearing branches in Lycopodium clavatum exhibit the same distal 
reduction in size and stelar complexity. The morphology of such a branch is shown at 3 levels in text 
figs. 63—65, and these figures show the same morphological changes found in the sterile branches. The 
growth of both the sterile and cone-bearing branches eventually comes to an end, after the production 
of a variable number of fertile sporophylls in the case of the cone-bearing, and by a gradual slowing 
down, and finally a cessation of growth in the sterile branches. 

A certain amount of epidogenetic growth occurs in the production of the cone axis, which is larger 
than the shoot upon which it is borne. This parallels the events which occurred during cone production 
in the arborescent forms, where the cone was usually protostelic at its base, becoming siphonostelic 
about half-way up the cone axis. The precise level at which medullation occurred varied among cones, 
however (FELIx 1954). 
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The situation present in Selaginella is similar in its general aspects to that present in Lycopodium. 
Details of the changes in morphology at various levels in the plant are presented for species of different 
stelar types in Warpzaw’s (1925) work in this genus. The vascular system of a species such as Selaginella 
uliginosa consists of a small siphonostele in the rhizome and at the base of the upright branches arising 
from the rhizome. As the upright branch becomes larger, the stele becomes dissected into 4 xylem 
strands, each of which is surrounded by phloem and endodermis. Whether or not each of these strands 
should be regarded as a stele as WarpLaw treats them is debatable. However, we are concerned here 
only with the tendency of the xylem body to become broken up into separate strands as the size of the 
branch increases. As the branch develops it finally begins to decrease in size, and in response to this 
size change, the vascular strands come to lie closer and closer to each other at successively higher levels, 
finally fusing to form a single small strand (Warp Law 1925). A similar sequence of events accompanies 
the epidogenetic and apoxogenetic phases of development of the upright shoots of Selaginella lyalli. 
However, in this form, the stem may have many more separate strands at its widest point. As the stem 
begins to decrease in diameter, the vascular strands fuse, so that fewer and fewer provascular strands 
are differentiated behind the shoot apex. As was the case in Lycopodium, the lateral branch systems 
have this apoxogenetic development associated with their limited growth potential. 

In species of Selaginella producing relatively large leaves, such as Selaginella exaltata, the changes 
in length and width of the leaves are correlated with changes in branch size. The larger basal branches 
have leaves that are wider and longer than those of the distal branches. Although the size of the leaves 
changes somewhat from branch to branch on the plant, the general form of comparable leaves is main- 
tained. Changes in the dimensions of the leaves also occur in Lycopodium in a similar sequence, but due 
to the minute nature of the leaves in most species, the magnitude of size changes is not as pronounced 
as it is in some species of Selaginella. 

The suggested maximum size of the primary body at the upper levels of the main trunk of the 
arborescent forms would correspond in a general way with the development of the herbaceous forms. 
With the onset of branching in the crown of the plant, each successive dichotomy would result in the 
production of daughter branches having a smaller primary xylem cylinder, a smaller branch diameter, 
and fewer and somewhat smaller leaf bases and leaves. All these changes in the mature structures point 
to the changing nature of the apical meristem and to the progressive decrease in the magnitude of the 
primary thickening. Progressively more distal branches exhibit the configurations shown in text fig. 70 
to 74, and, as was previously mentioned, the branches are characterized by progressively smaller pri- 
mary dimensions, and less and less secondary tissue. The stelar changes associated with branching lead 
to a minute protostele in the very small distal branches of the crown. Such branches typically have a 
small number of relatively small leaves borne on ‘small leaf bases. 

Since such a type of development is generally associated with determinate growth, or growth of a 
limited extent, it is very likely that the arborescent lycopods ceased growing after the phase of very 
tiny protostelic branches was reached. Such a cessation in new primary growth is probable from the 
analogies which may be made with living lycopods, sphenopsids, and some angiosperms. 

Secondary xylem developed progressively from the base of the tree into the crown branches as the 
plant developed. From the absence of secondary xylem in very small branches from many locales, it is 
likely that the plants did not live sufficiently long to produce secondary xylem in the most distal 
branches of the bushy crown. 

The rapid and extensive development of secondary cortical tissues which was initiated prior to the 
production of secondary xylem eventually led to the loss of the leaf base zone, and the development of 
a rugose bark. As the plant grew older, this bark extended farther and farther up the stem and out onto 
the crown branches. 

In its general features, the development of the stigmarian portion of the plant was very similar to 
that of the aerial part of the plant. From the sporeling, two rapidly dichotomizing axes arose, probably 


going through a phase of epidogenetic growth such as that which characterized the early stages of devel- 
opment of the upright stem. As yet we cannot estimate the massiveness which the stigmarian axes 
reached in their primary condition. From stelar morphology investigated, it is likely that the succes- 
Sive dichotomies caused a progressive diminution of the various structures of the axis, which paralleled 
the changes present in the crown of the plant. The large medullated siphonostele characteristic of stig- 
marian axes of the Stigmaria ficoides type could, therefore, have been progressively reduced distally 
to small protosteles, such as those of Stigmaria bacupensis type. Evidence from rootlet scars indicates 
that the rootlets borne on the axes exhibited a sequence of changes in their dimensions similar to that 
found in the stele of the underground axes. 

Secondary cortical changes were such that the old rootlet scars persisted for awhile on the stig- 
marian axes (Pl. 5, fig. 49), but were finally obliterated by the continued production of periderm. The 
older parts of the underground system had a ridged bark, similar to that of the older aerial parts of 
the plant. In many extensive stigmarian systems, probably belonging to plants of considerable age, the 
rootlet scars became limited to the periphery of the stigmarian system, in a fashion comparable to the 
progressive loss of leaves from the more proximal branches of the aerial system. 

This development of the underground portions of the arborescent forms may be compared with 
the development of the root systems in a herbaceous species such as Lycopodium clavatum. The root 
system of that form exhibits apoxogenetic development, which may be illustrated by the two levels in 
the root system shown in text figs. 66—67. The primary adventitious root arising from the rhizome is 
relatively large and has about 8 protoxylem poles at the level figured, with several plates of metaxylem. 
A lateral root which has arisen from the primary root (text fig. 67) shows a stele which is smaller than 
that of the primary root and has a smaller diameter. The number of protoxylem strands and meta- 
xylem plates has been reduced in the secondary root. This development may be compared with that of 
the distal portions of Stigmaria suggested here. It is interesting to note that the roots show essentially 
the same sort of changes in their distal parts as occur in the distal parts of the aerial system, and that 
this distal reduction occurs in both the arborescent and herbaceous forms. 

It has been suggested by Watton (1935) that a phase resembling Isoétes in general morphology 
might have been present early in the development of the arborescent lycopods. Such a phase, during 
which the young plant increased in diameter and underwent changes in phyllotaxy while elongation of 
the stem and stigmarian axes was suppressed, remains a distinct possibility. At present we lack any 
evidence, either positive or negative, regarding this point. 

Another aspect of the problem of possible dormant periods in the life of the arborescent lycopod, 
involves the occurrence of so-called “Wechselzonen” (Hırmer 1927) where abrupt changes in leaf 
base size and position occur on branches. Such zones point to periods of reduced vigor and possible 
dormancy during the later stages of development of the plant. However, from their scarcity it is best 
to interpret them as an abnormal development caused by some adverse condition or conditions, as 
Hirer has suggested, rather than as a normal part of the ontogeny. 


C. The Apex and Production of a Massive Primary Body 


The exact nature of the growth processes involved in the production of a massive primary body 
may vary considerably in different forms. In this respect, we lack specimens that give us any informa- 
tion regarding the actual size of the shoot apex in an arborescent lycopod at any stage in the develop- 
ment. Furthermore, we lack information concerning the presence or absence of some sort of an organized 
lateral primary thickening meristem or of the distance behind the apex in which occurred such processes 
as cell elongation and primary thickening prior to differentiation of the tissues. 

It should be pointed out that an organized primary thickening meristem, such as that of some palms 
and cycads, need not be present to produce a relatively massive stem of primary nature. In some Cacta- 
ceae, continued cell division and cell enlargement in the pith leads to a massive stem. In other cacti the 


ao 


same result is produced by cell enlargement and cell divisions in the cortical parenchyma zone (TROLL 
and Raux 1950). In some extremely succulent Umbelliferae, such as Oenanthe aquatica, there is expan- 
sion of both the cortex and the pith to produce a large primary body. Much of the increase in Oenanthe 
is brought about by expansion, mainly by cell elongation, of aerenchyma tissue in the pith, cortex, and 
petioles (Trott and Ravn 1950). 

It is clear, therefore, that a number of possible methods could have resulted in the type of primary 
body found in the arborescent lycopods, and that we cannot determine the specific type which was 
present from the mature specimens we possess. 

As regards the apical meristems of the arborescent lycopods, it seems possible that they underwent 
a sequence of changes in size such as occurs in many living plants. The apex could have changed in size 
during the life of the plant causing, at least in part, the changes in the type of primary body produced 
at different stages of development. Instances of a progressive increase in the size of the apical meristem 
during development have been reported for Zea (Asse et al. 1941); and in Psilotum, the apex increases 
in size in the young aerial shoot, while it is vigorous and producing a relatively large primary body. 
Higher in the aerial system, the apical meristems are smaller, and the branch produced by them is 
smaller (Brernorsr 1958). The aerial branching system of Psilotum is determinate, but the apices show 
size changes long before they cease producing new cells. 

An increase in the size of the stem apex, combined with increasing primary thickening, would 
characterize the epidogenetic phase of development, while the apoxogenetic development of the crown 
could have resulted from reduction of the apical meristem due to branching, in combination with pro- 
gressive reduction in the magnitude of the primary thickening. As yet these can only remain suggestions 
based on analogies with some living plants. 


D. Did the arborescent lycopods have a determinate plant body? 


If we consider the consistent correlation between apoxogenetic growth and determinate growth, 
the answer would appear to be “yes”. Time and again in the angiosperms and in the vascular crypto- 
gams the phase of apoxogenetic development is finally terminated by the maturation of the apical 
meristem and differentiation of its cells into some mature structure. Considering the essentially similar 
development of the arborescent lycopods with their closest living relatives it seems reasonable to think 
that they were alike with respect to the determinate nature of their shoot systems as well. 


An interesting aspect of determinate growth is the occurrence of many branchings from the shoot 
apex prior to the elongation of the system. In Psilotum, Birruorst (1954) found that the apical meristem 
of the primary aerial stem produced branch meristems, and these in turn produced meristems for the 
higher orders of branching prior to their development into shoots. A bud-like structure resulted, with 
as many as 16 minute branch primordia crowded about the tip of the primary aerial stem and sheathed 
by small enationlike appendages. This whole branch complex occupied a distance of as little as .5 mm 
prior to the elongation of the various branch primordia. Whether or not a similar sort of branching 
occurred in the arborescent lycopods is not known, but it remains a possibility that the entire crown 
portion might have been produced at the apical meristem of the trunk, with rapid elongation of the 
branches prior to the differentiation of the leaf bases, leaves, and vascular system. As was mentioned 
previously, the structure of the mature branches does not favor the presence of ‘any extensive elongation 
of the branch after the differentiation of the protoxylem and leaf bases. 


E. The Reconstruction 


The reconstruction in text fig. 75 is intended to represent a Lepidodendron, approximately 24 meters 
high, in what we may term the “mature” condition. The tall and slightly tapering trunk is covered 
with a ridged bark in its lower part, which merges with the higher zone where leaf bases are still 
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present. The lower part of the leaf base zone shows splits between leaf bases and periderm fissures sep- 
arating adjacent bases from each other. Occasional leaf bases which have persisted are found in the 
lower bark zone. In the upper portions of the trunk, the leaf bases are contiguous, and this condition 
persists from that level to the distal ends of the crown branches. The leaf bases are largest on the trunk, 
gradually diminishing in size distally in the crown. The crown is profusely branched, and in the form 
pictured, the branchings are generally equal dichotomies, Many of the crown branches are still clothed 
with leaves, indicating that the plant is not yet old enough to have the leaves limited to the very ulti- 
mate branches. The leaves show a noticeable decrease in their length as one progresses distally along 
the branches. Reproductive structures have been omitted. 
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Summary 


Much of the structural variability found in isolated stems of the branched arborescent lycopods is 
due to changes in the primary bodies of the plants as they developed from sporelings to large trees. The 
sporeling, with a stem of small diameter, had a minute, solidly tracheidal protostele. As the plant grew, 
the primary xylem cylinder, the various cortical layers, and the leaf bases produced at higher levels 
were progressively larger. This phase of expansive development is referred to as epidogenesis, 
and culminated in the production of a massive primary body in the upper levels of the trunk. The stem 
was clothed with large leaf bases and had extensive cortical layers and a large siphonostelic primary 
xylem cylinder at the levels of maximum primary body size. Secondary xylem produced around the pri- 
mary xylem maintained the structural stability of the xylem system. A large amount of secondary cor- 
tical parenchyma (periderm) was produced, and this zone continually increased in diameter to produce a 
columnar trunk, or one with slight tapering toward the apex. A general reduction in the dimensions of 
the various parts of the primary body was associated with branching. Daughter branches were smaller 
than the parent branches, with fewer rows of smaller leaf bases, less extensive cortical tissues, and 
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smaller primary xylem cylinders with smaller piths. This reduction continued with each successive 
branching, so that the most distal branches of the crown were minute protostelic axes bearing relatively 
few rows of small leaf bases. This development, characterized by distal reduction in the size and com- 
plexity of the primary body, is referred to as apoxogenesis, and was most likely associated with 
an ultimate cessation in the vegetative growth of the plant as it is in living cryptogams and seed plants. 
The stigmarian axes exhibited a mode of growth similar to that present in the crown of the plant. 

The varying amounts of secondary xylem found in various stem fragments are due to the many 
stages of development that the fragments represent. At present we cannot adequately deal with the 
question of the relative amounts of secondary xylem produced in the various species; however, there 
is no convincing evidence that any of the arborescent lycopods lacked the ability to produce second- 


ary xylem. 

The production of large amounts of periderm led to the loss of the leaf base zone on the trunk and 
branches of the crown, so that the plant had a rugose bark in its lower parts. 

The periderm does not appear to have been produced from a single layer of initials. Cells in the 
leaf base zone and at varying depths in the outer cortex became meristematic and produced the meshes 
and radial files of periderm cells. 

As yet we lack any specific information concerning the apex of the plant and the specific means 
whereby the massive primary body was produced. Organized lateral thickening meristems might have 
been involved, but not necessarily. In terms of development of the primary body, the arborescent lyco- 
pods are similar in many respects to the small herbaceous species of lycopods now living. 
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Explanation of Plates 


Plate 11 
Fig. 1—4. Lepidodendron vasculare. 
Fig.1. Specimen LD-69 in X.S., X 7.5. 
2. Specimen LD-65 in X.S., X 2.5. 
Fig.3. Specimen LD-68 in X.S., X 2.5. 
4. Specimen LD-67 in X.S. X 2.5. 


Fig. 5—11. Lepidodendron scleroticum. 


Fig. 5. Specimen LD-16 in X.S., X 7.5. 
Fig. 6. Specimen LD-14 in X.S., X 7.5. 
Fig. 7. Specimen LD-11 in X.S., X 4. 
Fig. 8. Specimen LD-10 in X.S., X 1. 
Fig. 9. Specimen LD-4 in X.S., X 1. 


Fig.10. Specimen LD-7 in X.S., X 1. 
Fig.11. Specimen LD-3 in X.S., X 1. 


Fig. 12—19. Lepidodendron sp. from Hyden, Kentucky. 
Fig.12. Specimen LD-38 in X.S., X 7.5. 
Fig.13. Specimen LD-35 in X.S., X 7.5. 
Fig.14. Specimen LD-57 in X.S., X 7.5. 
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Fig.15. Specimen LD-39 in X.S., X 7.5. 
Fig.16. Specimen LD-37 in X.S., X 7.5. 
Fig.17. Specimen LD-54 in X.S., x 7.5. 
Fig.18. Specimen LD-52 in X.S., X 7.5. 
Fig. 19. Specimen LD-59 in X. Shy 28 ur 
Fig. 20. Lepidodendron dicentricum. Specimen LD-2 in X.S. X 1. 


Plate 12 
Fig. 21—24. Lepidodendron serratum. 
Fig.21. Specimen LD-71 in X.S., X 7.5. 
Fig. 22. Specimen LD-61 in X.S., x 7.5. 
Fig. 23. Specimen LD-70 in X.S., X 2. 
Fig. 24. Specimen LD-60 in X.S., X 7.5. 


Fig. 25—28. Lepidophloios kansanus. 


Fig. 25. Specimen LP-15 in X.S. One half natural size. 
Fig. 26. Xylem cylinder of specimen LP-2 in X. Seal 
Pig. 27. Specimen LP-5 in X.S., X 1. 
Fig. 28. Specimen LP-4 in X.S., X 1. 


Plate 13 
Fig. 29—32. Lepidophloios wuenschianus. 
(Steles of Arran Tree # 1 in X.S., all X 1) 
Fig. 29. Specimen LP-7. 
Fig. 30. Specimen LP-8. 
Fig. 31. Specimen LP-9. 
Fig. 32. Specimen LP-10. 
Fig. 33. Lepidophloios pachydermatikos. Specimen LP-6 in X.S., X 1. 
Fig. 34. Lepidodendron sp. Specimen LD-1 in X.S., 1. 


Plate 14 
Fig. 35—36. Lepidophloios kansanus. 
Fig.35. Specimen LP-3 in X.S., X 1. 
Fig. 36. Xylem cylinder of specimen LP-1 in X.S. X 1. 


Fig. 37—39. Lepidophloios wuenschianus. 


Fig.37. Arran Tree + 1 in X.S., One fourth natural size. 
Fig. 38. ‘Specimen LP-11 in X.S., X 1. 
Fig.39. Specimen LP-12 in X.S., X 1. 


Plate 15 
Fig. 40—44. Lepidodendron sp., from Hyden, Kentucky. 
(Series of steles in X.S., all X 17) 


Fig. 40. Specimen LD-59. 
Fig.41. Specimen LD-52. 
Fig. 42. Specimen LD-40. 
Fig. 43. Specimen LD-39. 
Fig.44. Specimen LD-55. 
Fig. 45. Lepidodendron vasculare. Outer cortex and periderm of specimen LD-66, in X.S., X 8. 


Fig. 46—48. Lepidophloios kansanus. 


Fig. 46. Leaf bases of relatively large size in tangential section. X 1. 

Fig.47. Leaf bases of smaller dimensions in tangential section. X 1. 

Fig. 48. Leaf bases of the same specimen as fig. 46, shown in X.S., X 1. 

Fig. 49. Cast of the base of a young plant of an arborescent lycopod. After WizzrAaMson 1887. One third natural size. 

Fig.50. Lepidodendron elegans. Portion of a branching system of the crown. After BRONGNIART 1837. Magnification 
not given. 

Fig. 51. Cast of the base cf a large arborescent lycopod. After WırLıamson 1887. Approximately '/ss natural size. 
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Plate 16 


Fig. 52—56. Stigmaria ficoides. Series of xylem cylinders of stigmarian axes, in X.S., all X 2.5. 
Fig.52. Specimen ST-1. 

Fig. 53. Specimen ST-2. 

Fig. 54. Specimen ST-3. 

Fig.55. Specimen ST-5. 

Fig. 56. Specimen ST-12. 

Fig. 57—62. Stigmaria bacupensis. Series of xylem cylinders of stigmarian axes, in X.S., all X 20. 
Fig.57. Specimen ST-6. 

Fig.58. Specimen ST-8. 

Fig. 59. Specimen ST-9. 

Fig. 60. Specimen ST-7. 

Fig.61. Specimen ST-10. 

Fig. 62. Specimen ST-11. 


Note 


While this paper was in press a significant impression specimen of Lepidodendron was discovered in the vicinity 
of Pella, Iowa. The fossil is of DesMoinesian age. At the more nearly apical end of the specimen, which is approximately 
five feet long, a zone of large contiguous leaf bases is present. Below this zone leaf cushions are separated by periderm 
ridges and on the lowest portions of the specimen leaf bases are absent and the surface represents ridged periderm. The 
shortness of the transition zone probably explains the rarity of specimens showing this feature. The details of the main 
trunk shown in text figure 75 are thus supported by an actual impression specimen. 
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! Dieser Abschnitt ist nach der Zusammenfassung in der Arbeit der Autoren „Das Braunkohlenbecken von Megalo- 
polis“ (Geological and Geophysical Research 5, Nr. 3, 1959, aus dem Institute for Geology and Subsurface Research in 
Athen) in den für das Verständnis der vorliegenden Veröffentlichung wichtigen Teilen hier erneut wiedergegeben, weil 
die Originalarbeit nicht überall vorhanden ist. In ihr finden sich auch weitere Literaturangaben. Auf die vorliegende 
Bearbeitung der Pflanzenreste durch WEYLAnD & PrLuc wird im griechischen Text (S. 11 und 26) bereits hingewiesen. 
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Die Geologie des Braunkohlenbeckens von Megalopolis 
(G. Marinos und J. Anastopoulos) 


Das Becken von Megalopolis, ungefähr in der Mitte des Peloponnes gelegen (Abb. 1), bildet (Pxr- 
LIPPSON 1892—1959, Maur 1921) eine jüngere tektonische Senke im System des großen Grabens des 
Eurotas-Flusses Lakoniens. Die Ausdehnung des Megalopolisbeckens beträgt etwa 190 km? und seine 
mittlere Höhe über Meeresniveau 400 m. Das Becken wird vom Oberlauf des Alfios-Flusses durchflossen, 
in den alle Wasserläufe des Beckens einmünden. Das Becken ist von einem mächtigen System aus lim- 
nischen Schichten der jüngeren geologischen Formationen erfüllt, darunter der bekannten erdigen Weich- 
braunkohle. 
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Abb. 1. Geologische Skizze des Braunkohlebeckens von Megalopolis. 


1. Altere Formationen, welche das Becken umgeben. Allgemein massige bzw. Platten- 
kalke, Schiefer, Hornsteine, Flysch mit Ophioliten. Alter: meist Oberkreide bzw. Eozän. 

2. Limnische braunkohleführende Schichten des Pleistozäns, zum Teil auch des Pliozäns 
(letztere besonders an der östlichen Seite des Beckens). 


3. Hauptbraunkohleführender Abschnitt, welcher durch 33 Bohrungen in 500 m Abstand 
voneinander erbohrt worden ist. 


4. Isolierte Bohrungen. 


Seit 1957 haben das griechische Institut für Geologie und Bodenforschung und die Griechische 
Elektrizitätsstaatsunternehmung die detaillierte Untersuchung der lignitführenden Formation von 
Megalopolis übernommen. Auf Kosten der Griechischen Elektrizitätsstaatsunternehmung sind bis jetzt 
38 Bohrungen von etwa 100 m Tiefe und 2 etwa 60 m tiefe Schächte niedergebracht worden. Die größte 
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Zahl dieser Bohrarbeiten beschränkt sich auf einen kleinen Abschnitt des Beckens, in der Nähe des 
Alfios-Flusses (B in Abb. 1). 

Eine ausführliche Arbeit über das Becken von Megalopolis mit den dazugehörigen Karten, Profilen 
usw. wird später veröffentlicht werden. Zunächst werden folgende vorläufige Ergebnisse mitgeteilt. 

Die Sedimente, welche das Seebecken umgeben (Abb. 2), bestehen allgemein aus Plattenkalken mit 
Hornsteinen und Schiefern sowie aus massigen Kalken, Tonschiefern und Sandsteinen des Flysch- 
systems. Der Flysch umschließt Kalklinsen sowie kleine vulkanische Massen (Diabas, Spilit, Dazit) 
gleichen Alters. Das Alter der obigen Formationen reicht von der oberen Kreide bis zum Eozän hinauf 
(Maestrichtien mit Globotruncana, Orbitoides, Rugoglobigerina u.a., Lutetien mit Discocyclina, Astero- 
cyclina, Nummulites usw., bestimmt von M. REICHEL). 


Abb. 2. Allgemeines schematisches Profil durch das Becken von Megalopolis. 
1. Oberkretazischer Kalk (Meastrichtien) mit Globotruncana stuarti, Rugoglobigerina u.a. 
2. Eozänfiysch (Lutetien) mit Kalklinsen und Ophioliten. Fossilien: Nummulites, Discocyclina, Halkyardia minima, 
Asterocyclina, Gypsina u. a. 
3. Pliozän: limnische Schichten. Konglomerate, Mergel, Braunkohleflöze u.a. mit Viviparus argesiensis STEFANESCU, 
Ostracoda usw. 


4. Pleistozän: braunkohleführende limnische Schichten. Tone, Mergel, Braunkohleflöze, Sande, Schotter, Konglomerate 
u.a. mit Unio, Planorbis, Bithynia, Valvata, Pisidium nitidum, Tectochara meriani diluviana, Ostracoda usw. 

5. Pleistozän: terrestrische Schichten. Sande, Schotter, Konglomerate (öfters rötlich) mit Knochen von Elephas 
antiquus u.a. 

6. Eozänkalke, Hornsteine und Flysch (Lutetien-Priabonien) mit Nummulites, Discocyclina, Heterostegina cf. 
helvetica, Asterigerina, Pellatispira, Gypsina. 


Diese geologischen Bildungen sind den in Peloponnes bekannten Olonos-Kalkserien und Tripolitza- 
Kalkserien faziell zuzuordnen. Ihr geotektonischer Zusammenhang entspricht nicht durchaus den be- 
kannten Ansichten von C. Renz über die zonale Einteilung des Peloponnes. 

Die limnischen Schichten des Beckens bestehen aus Mergeln, Tonmergeln, Sandtonen und losen 
Konglomeraten. Die Mächtigkeit dieser Schichtenserie im Innern des Beckens ist, wie es scheint, größer 
als 200 m. Die Konglomerate treten häufig am Rande des Beckens oder an der Basis des limnischen 
Schichtensystems oder auch zwischen den oberen Horizonten (terrestrischer Herkunft) auf. Zum Innern 
des Beckens hin herrschen die feinkörnigen Mergeltone vor. Marine Schichten treten neben den lim- 
nischen nicht auf, wie dies in anderen neogenen Becken des Peloponnes der Fall ist. 

Die limnischen Schichten von Megalopolis gehören größtenteils dem Pleistozän an und nicht dem 
Pliozän (levantinische Stufe). Aus-den bisher bekannten Daten wird aber ein pliozänes Alter der unteren 
Horizonte gefolgert, wie z. B. in der Nähe des Dorfes Salessi am östlichen Ende des Beckens, an dem 
die Mergel Viviparus argesiensis STEPHANESCU (nach GraHLE) enthalten. Der größte Teil des Beckens 
ist indessen mit tonigen Süßwasserablagerungen des Pleistozäns angefüllt, welche Planorbis, Bithynia, 
Valvata, Unio usw. sowie eine reichliche Mikrofauna aus Charophyta (Tectochara meriani diluviana, 
bestimmt von MäipLer) und Ostracoda (Candona angulata G. W. Mixer, Ilyocypris sp., Eucypris 
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pigza Fischer, bestimmt von Lürric) enthalten. Die eigentliche lignitführende Serie von Megalopolis ist 
als eine Sumpfbildung zwischen pleistozänen Schichten eingereiht. In den obersten Horizonten dieser 
pleistozänen Schichten sind auch Knochen von großen Mammalia aufgefunden worden, wie Elephas 
antiquus var. gortynius, Gasella, Hippopotamus u. a. (SKoupHos, BÜRCHNER, DEP£RET). 

Am Rande des Beckens treten große Verwerfungen auf. Sie streichen NNW—SSO sowie fast W—O. 
Auf diese Weise wird das tektonisch entstandene Megalopolisbecken in kleinere Gräben eingeteilt, wie 
z. B. den Graben des Xerilas-Flusses an ihrem südlichen Ende u. a. Die Verwerfungen gehen auch durch 
die limnischen pliozänen und pleistozänen Schichten des Beckens hindurch. Infolgedessen sind die 
letzten vertikalen Bewegungen zumindest als jünger als das untere Pleistozän anzusehen, obwohl die 
ersten Verwerfungen verhältnismäßig alt sind. Gewisse Teile des Beckens unterlagen offenbar einer 
stetigen, langsamen Senkung, wie z. B. die westliche Seite, wo es sich um einen abgegrenzten Graben 
handelt, der auf der Fortsetzung des Grabens des Xerilas-Flusses liegt (Nebenfluß des Alfios, im Süden). 
Damit findet die Ablagerung der mächtigen Sedimentserie der Braunkohle im westlichen Teil des Beckens 
ihre Erklärung. 

Am Rande des Beckens machen sich Randstufen morphologisch bemerkbar, und zwar in verschie- 
denen Höhenlagen. Sie sind erhaltene Reste alter Abtragungsflächen. Die niedrigeren der Randstufen 
durchschneiden auch die kaenozoischen Schichten des Beckens (500 m). 

Die Schichten liegen in dem ganzen Becken horizontal. Nur an der Randzone (vor allem an der öst- 
lichen Seite) fallen sie sanft gegen das Innere ein. 

Braunkohlenflöze sind fast überall im ganzen Becken anzutreffen, an vielen Stellen handelt es sich 
jedoch mehr um Sapropel. Flöze von besserer Qualität, jedoch geringer Mächtigkeit sind in den plio- 
zänen Schichten der östlichen Randzone bekannt, neben dem Dorfe Salessi. Die eigentliche lignitführende 
Serie von Megalopolis tritt im westlichen Teil des Beckens im Alfios-Tal auf, zwischen den pleistozänen 
Schichten. An dieser Stelle sind durch Bohrungen und Schächte (siehe oben) beträchtliche Braunkohlen- 
vorräte im Untergrund festgestellt worden. Sie sind von untergeordneter Qualität, jedoch brauchbar 
für die Industrie. Im Feld B (Fig. 1) betragen in etwa 3,6 km? Ausdehnung die sicheren Vorräte rund 
236 Millionen Tonnen. An den Braunkohlenschichten ist auch Sapropel beteiligt im Verhältnis 9:1 
(Braunkohle : Sapropel). 

Man kann noch mit mehreren Hunderten von Millionen Tonnen wahrscheinlicher und möglicher Vor- 
räte im Abschnitt B, neben dem Alfios, rechnen. Außerdem gibt es weitere ähnliche lignitführende Teile 
im Becken (wie z.B. bei den Dörfern Kyparissia, Gefira u. a.), wie sich an Hand von Lignitausbissen bzw. 
von wenigen durchgeführten Bohrungen herausstellte. 

Die Braunkohlenflöze erreichen oft eine Mächtigkeit von mehreren Metern und werden durch 
Schichten von grauem plastischem Mergelton oder Sapropel voneinander getrennt (Abb. 3). Dieser Ton 
besteht hauptsächlich aus Illit und Kalkspat. Sein Schmelzpunkt liegt bei etwa 1250°C. 

Der Lignit geht allmählich, sowohl in horizontaler als auch in vertikaler Richtung, in Sapropel oder 
Ton über und umgekehrt, und zwar nicht nur an den Enden, sondern auch innerhalb der Schichten. 

Neben dem Alfios-Flusse degenerieren allmählich die Lignitflöze in Richtung nach Westen, während 
sie sich nach den anderen Seiten hin weiter fortsetzen. Ihre Mächtigkeit und Ausdehnung ist durch die 
Morphologie des alten Sumpfes gegeben. Wo die Lignitformation zum Schwinden kommt, geht auch der 
graue Ton, der sie begleitet, in rötlichen über (oxydierende Wirkung der ursprünglichen Umgebung!). 
Letzterer enthält auch Characeen und Ostracoden. 

Die lignitführende Formation reicht im mittleren Teil des Feldes B noch tiefer als 100 m. Durch 
künftige Tiefbohrungen wird man sich über die Mächtigkeit dieser Formation ein Bild machen können. 
Das Hangende der Braunkohle hat im allgemeinen eine Mächtigkeit von nur wenigen Metern. 

Die Braunkohle von Megalopolis hat einen hohen Wassergehalt, ist plastisch und sehr erdig. Sie ähnelt oft dem Torf. 
Sie ist braun, wird aber bald nach dem Abbauen schwarz. An der Luft getrocknet, nimmt sie kein Wasser mehr auf, wenn 
sie durchfeuchtet wird. Sie hat eine schwammartige Textur, in welcher winzige Reste der Pflanzengewebe auftreten. 
Xylitteile sind sehr selten oder fehlen überhaupt, nur manchmal sind auch größere Xylitstücke vorhanden. Der Lignit ist 
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Abb. 3. Profile eines Schachtes und zweier Bohrungen im Braunkohlenfeld 
neben dem Alfios-Fluß, SW von Megalopolis. 
Der Bohrpunkt A4VII (siehe Abb. 1) ist vom Schacht Nr. 1 etwa 1200 m entfernt 
westlich davon. Der Bohrpunkt D- VII liegt 500 m nördlich von demselben Schacht. 


in gewissen Fällen reich an Harz- bzw. Wachsstoffen, in anderen aber nicht. Opake Bestandteile wie Fusinit und Mikrinit 
sind in geringer, fast konstanter Menge vorhanden. Zellulose fehlt meistens. In großer Menge finden sich FeS:-Kôrner. 
Die Megalopolis-Braunkohle hat auch einen hohen Aschengehalt. Der brennbare Anteil ist reich an flüchtigen Bestand- 
teilen. Die Braunkohle enthält, auf wasser- und aschenfreien Zustand umgerechnet, etwa 38°/o fixen Kohlenstoff und 62°/o 
flüchtige Bestandteile. Bezüglich ihres Gehaltes an C, H, O (provisorische Analysen), ihrer Lage im ArrFELBEcK’schen Drei- 
eck, steht sie an dem Ende des Torfabschnittes. Sie ähnelt der Zusammensetzung nach sehr der Ptolemais-Braunkohle 
(Mazedonien), ist jedoch von geringerer Qualität. Allgemein ist die Schwelkohle im Stadium erdiger Weichbraunkohle. 
Die bisherigen chemischen Analysen haben ergeben: 


a) Rohkohle 


Beuchtiskeit ne meee weep cane rs 54—65°/o 
Flüchtige Bestandteil ER ner hese 15—230/0 
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Oar me 
bere IROhIENStOÎ gon + a 5 5 o a o 6 9 9 © 2—12°/o 
ASCHÉ MENT AN CNE ee ee 8—230/0 
SÉHWETEL 0200 ae N =e commune? 0,56— 1,73°/o 
KCal/ke (Max). 4 2) CR eee 1421—1746 

b) Wasserfreie Braunkohle 
Flüchtige Bestandteile .......... 30—53°/o 
MXeDRONIeNStON CRE ew Go ao a bo 6—331/0 
ASCII à VENT RU EE ES ee ee ER 18—61°/o 
Schiwetel een. PE sn eee 0,7— 4,1%/0 
RCA KEINE EE oe od 1939—4714 


(In der statistischen Verteilung fällt die grôfite Zahl der 
Proben in den Bereich zwischen 3600—4300) 


c) Die Asche der Braunkohle 


SOS gates kee al a) ghee ae os ree eRe eee 20—54°/o 
ADO Poe og era I 8—21°/o 
HO ve a. 57 fe ae Re EN UE COR 10—13°/o 
CAO we) EIN EZ 6—29°/o 
AO Si nay NO oe à à -< 1,6— 3,0°/o 
SO3 eee Be ie, ee. OY es er. in u 2 4—28°/o 
DSO mM ok ay a As ce ee lh, eee ee ee 0,1— 0,7°/o 
ROMAN AO ©... Sennen cee ca PR 0,8— 2,2°/o 
Sinterpunkt "snc, oe ae a 1200°—1225° C 
HAWÉlCOUNESDUNR 6 o o o o p 6 oo a 1150°—1260° C 
Schmelzpunkt Sr ee CC ren 1280°—1330° C 
Bhespunkt. 2... + ee UNE ee ame 1425°—1450° C 


Il. Beiträge zur fossilen Flora der Lagerstatte 
(H. Weyland und H. D. Pflug) 


1. Pflanzliche Makrofossilien 


Von Makrofossilien sollen in dieser vorläufigen Mitteilung nur diejenigen behandelt werden, die 
wir, wie einige Friichte und Samen, teils von G. Marinos erhalten, teils, wie Blatt- und Wurzelreste, beim 
gelegentlichen Aufbereiten von Braunkohlenproben selbst gewonnen haben. Hierzu kommen noch zwei 
Holzreste, wie sie in Megalopolis nur spärlich vorkommen (Marinos, ANASTOPOULOS & PAPANIKOLAOU 1959). 
Trotzdem sind diese wenigen Reste ftir die floristische und klimatologische Beurteilung der Fundstelle 
schon recht aufschluBreich. Sie lassen vermuten, daß man von der systematischen Bearbeitung der profil- 
gerecht entnommenen Proben noch wesentlich mehr erwarten darf. 


a) Blatt- und Wurzelreste 


Wie in Ptolemais (und auch in Kalabrien in Schichten gleichen Alters) werden diese auch in Mega- 
lopolis ausschließlich von monokotylen Wasserpflanzen geliefert und an letzterer Stelle, soweit bisher 
bekannt, in der Hauptsache von Cyperaceen- und Gramineen-Wurzeln. Schon daraus läßt sich schließen, 
daß es sich auch hier um eine rein limnische Bildung handelt, wie auch auf Grund der geologischen 
Befunde schon angenommen worden ist. Erhalten sind demnach vorwiegend die unterirdischen Teile der 
Pflanzen, während die oberirdischen mehr oder weniger gänzlich durch Zersetzung zerstört sind. Diese 
Wurzeln sind zwar ihrer systematischen Zugehörigkeit nach nicht sicher bestimmbar, gehören aber ver- 
schiedenen Arten an, wie schon die unterschiedlichen Papillenbildungen, die besonders Cyperaceen- 
Wurzeln besitzen, erkennen lassen (Taf. 18, Fig. 3—5). Eine große Rolle haben dabei die Carex-Arten 
gespielt. Als weitere Teile von Gräsern und Riedgräsern sind die durch parallele Anordnung der Gefäß- 
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bündelstreifen gekennzeichneten Epidermen zu nennen (Taf. 18 Fig. 1, 2), die ebenfalls zum Teil mit 
Papillen besetzt sind. Da bei ihnen bisher niemals Spaltöffnungen gefunden worden sind, ist anzunehmen, 
daß es sich bei ihnen hauptsächlich um solche von Stengelgliedern und Rhizomen handelt. Einige davon 
lassen sich wohl mit denen von Phragmites (Taf. 18 Fig. 6) oder Eriophorum und Typha vergleichen, deren 
Zellformen aber bei den einzelnen Teilen der gleichen Arten sehr wechseln, so daß eine genauere Be- 
stimmung ebenfalls nicht möglich ist. Andere weisen schon durch die Breite ihrer Gefäßbündelzonen 
(Taf. 18 Fig. 7) auf Pflanzen mit breiteren Blättern hin. Andere Gewebe aus + isodiametrischen Zellen 
(Taf. 18 Fig. 8) sind wohl subepidermale Parenchyme. Gewebe besonderer Art sind auf Taf. 18 Fig. 9 
wiedergegeben; sie stammen von Cyperaceen-Früchten und werden daher gleich anschließend im folgen- 
den Abschnitt besprochen. 


b) Frucht- und Samenreste 


Cyperaceae 
Taf. 17 Fig. 3—5; Taf. 18 Fig. 1-9 


Die zuletzt erwähnten Gewebereste finden sich im natürlichen Verband in Fruchtresten von Cypera- 
ceen, wie sie in Megalopolis nicht selten sind. Es sind runde bis mehr ovale dünne Blättchen von 1,75 bis 
2,65 mm Lange und 1,75—1,84 mm Breite, die an einem Ende eine Ansatzstelle erkennen lassen und am 
anderen teils zugespitzt, teils unregelmäßig abgebrochen sind. Sie waren halbhohlkugelförmig gekrümmt 
und starr, denn beim Aufpressen des Deckglases zerbrechen sie in der Längsrichtung, wie es die Ab- 
bildungen (Taf. 17 Fig. 3, 4) zeigen. Sie sind nur wenige Zellschichten dick und bestehen aus den gleichen 
langspindelförmigen Zellen mit stark verdickten, reich getüpfelten Wänden, wie sie sich auch isoliert 
in der Braunkohle häufig finden. Wir sahen sie auch schon in der Ptolemais-Kohle (1957), ohne sie da- 
mals deuten zu können. Das Gewebe Taf. 17 Fig. 5 ist aus dem Fossilrest Fig. 3 gewonnen worden.’ 

Wie der Vergleich mit rezentem Material ergibt, handelt es sich um Deckblätter von Cyperaceen- 
Blütenständen, unter denen besonders Scirpus-Arten (z.B. Sc. lacustris L.), Cladium Mariscus R. Br. und 
Rhynchospora-Arten sehr ähnliche Zellformen aufweisen. Eine genauere Bestimmung ist aber nicht 
möglich. Da diese Deckblätter aus sehr widerstandsfähigem Gewebe bestehen, ist ihr häufiges Vorkommen 
in limnischen Braunkohlen leicht verständlich. 


Potamogetonaceae 
Tata] Fig. 102 
Von dieser stehende oder langsam flutende Gewässer bevorzugenden Familie konnten bisher zwei 
Fruchtformen festgestellt werden. 
Die eine (Taf. 17 Fig. 1) ist flachrundlich und zeigt eine abgespreizte Keimklappe; ihr Durchmesser 
liegt bei 1,3 mm. 
Solche Früchte sind aus pliozänen Schichten mehrfach beschrieben worden, z. B.: 
als Potamogeton sp. von C. & E. M. Rein von Reuver (1915, Taf. 2 Fig. 8, 9); Größe 2,5—3 mm; 
als Potamogeton sp. von E. M. Rem von Reuver (1920, Taf. 7 Fig. 5); Größe 3 mm; 
als Potamogeton cf. fluitans Rru. von Kräusez von Vogelheim (1937, Taf. 1 Fig. 12); Größe etwa 


2,8 mm; 
als Potamogeton sp. von Szarer von Kroscienko (1947, Taf. 15 Fig. 8, 9); Größe 1,7 X 1,3 bis 
1,4 mm; 


als Potamogeton sp. von KırcHHEIMER von Reuver (1957, Taf. 13 Fig. 59); Größe 2,3—2,5 mm. 
Man sieht, daß die Autoren eine genauere Bestimmung nicht für möglich hielten. Eine kritische 
Betrachtung der zu Potamogeton gestellten fossilen Früchte bringt KırcHHEimer (1957: 351); auch er steht 


2 Dem äußeren Aussehen nach könnten sie gelegentlich mit Betula-Früchtchen, die ihre Flügel verloren haben, ver- 
wechselt werden. Ein solches ist bei E. Scuusert (Zur Geschichte der Moore, Marschen und Wälder Nordwestdeutschlands 
II, Abb. 49, in Mitt. d. Provinzialstelle f. Naturdenkmalpflege, Hannover, Heft 4, 1933) abgebildet. Die Anatomie schließt 
aber in unserem Falle diese Möglichkeit aus. 
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auf dem Standpunkt, daß sich auch für die zweifellos zu der Gattung gehörenden pliozänen Formen eine 
Identität mit heutigen Arten nicht beweisen lasse. Unsere Frucht ist die kleinste von allen, was aber 
innerhalb gewisser Grenzen belanglos ist. Vielleicht läßt sich darüber mehr sagen, wenn reichlicheres 
Material vorliegt. Immerhin sind nach Br1JERINCK (1947) die Früchte der heutigen Arten sämtlich größer, 
selbst die kleinsten, P. oblongus Viv. und coloratus Van (= P. Hornemanni Koch), doch um 2 mm groß. 
Unsere zweite Form (Taf. 17 Fig. 2) ist mehr oval und etwas größer, mit 2,45 mm größtem Durch- 
messer. 
Ähnliche Früchte sind auch hier beschrieben worden, z. B.: 
als Potamogeton pusillus L. von C. & E. M. Rein von Tegelen (1907, Taf. 3 Fig. 97); Größe 1,5 mm; 
als Potamogeton coloratus Horne. ebenda (Fig. 98); Größe 1,7 mm; 
als Potamogeton sp. von C. & E. M. Reıp von Brunssum und Reuver (1915, Taf. 2 Fig. 3, 4); Größe 
1,75 x 15. bzw. 1,4 mm; 
als Potamogeton pusillus L. von KräusEL von Vogelheim (1937, Taf. 1 Fig. 20); Größe 1,77 mm; 
als Potamogeton filiformis Pers. ebenda (Fig. 11) von verschiedenen Fundorten des Ruhr- 
Emscher-Lippe-Gebietes; Größe 1,9 mm. 
C. & E. M. Rew halten 1915 eine Artbestimmung ausdrücklich für unmöglich. Immerhin steht unserem 
Fossil von heutigen Arten P. pusillus L. nach Form und Größe — Beıjerınck bildet die Frucht etwa 
2,4 mm groß ab — am nächsten. 


Najadaceae 
Taf. 17 Fig. 6-8 
Von der Gattung Najas fanden sich mehrere Fruchtschalen (Taf. 1 Fig. 6—8). Die erste mißt 
3,93 X 1,62 mm, die zweite 3,9 X 1,92 mm. 
Solche haben als Najas marina L. die folgenden Autoren beschrieben: 
C. & E. M. Rem (1907, Taf. 3 Fig. 99, 100) von Tegelen; Größe 5 X 1,67 und 4,16 X 1,5 mm; 
C. & E. M. Rew (1915, Taf. 2 Fig. 12, 13) von Reuver; Größe 2,75 X 1,42 und 3,66 X 1,67 mm; 
KIRCHHEIMER (1957: 355, Taf. 14 Fig. 62) von Tegelen; Größe 3,5—4,3 X 1,4—1,7 mm. 
Als Größen der heutigen Früchte der Art nennen Berrscu (1941) 6,4 X 3 und 6 X 2,4 mm, BEIJERINCK 
(1947) 6,5 X 2,8 mm, KIRCHHEIMER (1957: 355) sogar 2—5,8 mm. Sicher sind aber die Früchte von Najas 
minor ALL. und flexilis Rostx. & Scum. viel kleiner als der Durchschnitt von marina. 


Nymphaeaceae 
Taf. 19 Fig. 6—10; Taf. 20 Fig 1, 2 
Diese Familie war in Megalopolis, worauf auch die sehr zahlreichen Pollen hinweisen, ungewöhnlich 
stark vertreten. 


Nelumbo megalopolitana n.sp. 
Taf. 19 Hig. 6) 7 

Am auffallendsten sind schwarze, kohlige Fruchtreste, die sich in einem Bohrkern von Megalopolis 
im Feld B (Textabb. 1) in grauem, sandigem Mergel fanden (Taf. 19 Fig. 6). Es sind flache, fast runde 
Organe von 2, 1,8 und 1,7 cm Durchmesser mit etwas erhabenem, wulstigem Rand, in denen sehr zahl- 
reiche, + unregelmäßig-rundliche Gebilde von durchschnittlich 1 mm (maximal gegen 2 mm) (Taf. 19 
Fig. 7) sitzen. In günstigen Fallen sieht man, daß sie aus einem etwa die Hälfte ihres Radius aus- 
machenden, etwas erhabenen Randteil und einem mittleren Teil bestehen, der meist schwach vertieft 
und etwas warzig erscheint. Die runden Gebilde stoBen unmittelbar aneinander. Ihre Zahl ist wegen 
der teilweise schlechten Erhaltung schwer zu schätzen, dürfte aber weit über 50 liegen. 

Das Fossil ähnelt so sehr dem oben flachen Blütenboden (Torus) der heutigen Nelumbo-Arten (Text- 
abb. 4) mit ihren zahlreichen Carpellen mit je einer Samenanlage, daß es nahe lag, zu versuchen, von 
den mutmaßlichen Karyopsen (bzw. richtiger Nüßchen) einige zu isolieren. Das gelang aber trotz wieder- 
holter Bemühungen nicht, offenbar, weil keine vorhanden waren. Es bleibt daher die Frage offen, ob 
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die Fruchtstände zu jung und die Samenanlagen unbefruchtet oder ob die Einzelfrüchtchen schon her- 
ausgefallen waren. Präparate des wulstigen Randes des Torus und seiner Oberfläche ergaben nur dicht- 
stehende, papillôse, aber meist zusammengepreßte, runde Zellen von ziemlich gleicher Größe und 
durchschnittlich 36 « Durchmesser (Taf. 20 Fig. 2). Auch bei der rezenten Nelumbo nucifera besteht die 
Oberfläche des Torus und sein Rand durchweg aus papillösen Zellen, die jedoch wesentlich kleiner, 10 1, 
sind (Taf. 20 Fig. R3). Es sei nicht verschwiegen, daß sich bei einem vereinzelten Mare tioncpt para 
auch kleinste Teilchen mit der charakteristischen Struktur der anschließend beschriebenen Nymphaea- 
Samenhäute gefunden haben, doch dürften diese dem Torus nur als Fremdkörper angehangen haben, 
wie auch einige Algenreste, da die rezenten Nelumbo-Früchte bzw. -Samen solche anatomisch leicht 
kenntlichen Samenhäute nicht besitzen. 


Abb. 4. Nelumbo nucifera GÂRTN. 


a) Blüte, etwa !/ı (aus dem Botanischen Garten München). 
b) Torus des Fruchtstandes, 1,5/1 (aus dem Botanischen Garten Köln). 


Die Tori der heutigen Nelumbo-Arten sind nun viel größer als bei unserem Fossil, bei N. nucifera 
(Textabb. 4) z. B. unmittelbar nach der Blüte etwa 4 cm im Durchmesser, und umschließen nur etwa 
20 sehr große Früchte. Eine andere Vergleichsmöglichkeit scheint uns aber nicht gegeben zu sein. 

Heute umfaßt die Gattung Nelumbo Apans. (= Nelumbium Juss.) nur noch 2 Arten: Nelumbo nuci- 
fera GARTN. (= Nelumbium speciosum Wizzp.) (Textabb. 4) in Nordostaustralien und in den wärmeren 
Teilen Asien, westlich bis zum Kaspischen Meer, und Nelumbo lutea Pers. (= Nelumbium luteum WILLD.) 
im atlantischen Nordamerika von 42° bis südwärts 11° n. Br. in Columbien (nach Caspary 1891). 

Die Gattung Nelumbo ist sehr alt, wenn auch nur durch ihre im Gegensatz zu Nymphaea schild- 
förmigen Blätter mit zentral ansitzendem Stiel nachgewiesen. So ist sie z. B. schon in der Oberkreide 
Japans nachgewiesen (Matsuo 1954). Im Tertiär Europas ist Nelumbium buchi Err. am bekanntesten. Es 
wird genannt aus dem Eozän von Messel bei Darmstadt (ENGELHARDT 1922), aus dem Oligozän vom Monte 
Promina (ETTINGSHAUSEN 1854), Flörsheim am Main (ENGELHARDT 1911), Paudeze/Wallis (HEER 1855—1859) 
und der siidbayerischen Molasse (DortzLer 1937), aus dem Obermiozän von Günzburg an der Donau (HEER 


— 102 — 


1855—1859) und aus dem Unterpliozän der Grube Fischbach bei Köln (WeyLanp 1934: 66). Dorzuer (1937: 
35) unterscheidet allerdings drei Arten, von denen zwei genauer zu charakterisieren sind, nämlich 
N. buchi Err. und N. weylandi Dorzı. Bei der ersten laufen die Nervenäste am Blattrand frei aus, bei 
der zweiten sind sie bogenförmig, camptodrom, miteinander verbunden. Zu der letzteren Art gehören 
nach Dorzrer aber auch die von WEyLanp als N. buchi beschriebenen Blätter aus dem Unterpliozän der 
Ville. Sie stehen mit der Ausbildung ihrer Nervatur den rezenten Arten besonders nahe. Es ist also 
jedenfalls nicht zweifelhaft, daß die Gattung auch bei uns im Pliozän noch vorhanden war. 

Fruchtreste hat Heer (Taf. 107 Fig. 1) angegeben, die aber sehr zweifelhaft sind. Auch haben 
C. & E. M. Rein ein Fossil aus der Reuverstufe von Swalmen (1915, Taf. 6 Fig. 20a, b) unter der Be- 
zeichnung Nelumbium minimum beschrieben. Es ist nur ein Bruchstück von weniger als 5 mm Durch- 
messer und soll von dem Torus eines Blütenbodens stammen. In dem Stück seien etwa 22 „Carpelle“ 
von 1,5 mm Länge und 1 mm Breite eingebettet. Die Autoren sagen selbst, daß die geringe Größe des 
Bruchstückes ein sicheres Urteil erschwere, daß aber die charakteristischen Carpelle kaum eine andere 
Deutung zuließen. Nur seien sie kleiner als bei Nelumbium speciosum und viel zahlreicher. Dazu be- 
merkt KIRCHHEIMER, daß er jene Deutung für unrichtig halte (1941 und 1957: 238) und vielmehr an ein 
Aggregat der Fruchtkörper eines zu den Pyrenomyceten gehörenden Pilzes glaube. Auch für Carpolithus 
scutellaris Menz. (MENZEL 1913: 18—19, Taf. 1 Fig. 33—36) von Grube Friedrich-Wilhelm-Maximilian 
nimmt er das gleiche an. Wir können KiRCHHEIMER nur zustimmen, nachdem uns aus der Braunkohle von 
Frimmersdorf in der Ville diese Objekte von unregelmäßig traubiger Form auch vorliegen. Bei unserem 
Fossil von Megalopolis kommt dagegen eine Pilzbildung nicht in Frage, einmal weil die gesamte äußere 
flache Form mit dem Rand erhalten ist und auch die anatomische Struktur eine solche Deutung nicht 
zuläßt. 

Es fragt sich nur, ob bei dem griechischen Fossil die Merkmale ausreichen, um es zur Gattung 
Nelumbo zu stellen. Wir möchten das doch glauben und stellen daher eine neue Art auf, die wir nach 
dem Fundort benennen: 


Nelumbo megalopolitana n. sp. 


Diagnose: Nur Oberseite des Fruchtstandes bekannt, dieser dem heutiger Nelumbo-Arten ent- 
sprechend; rund, bis zu 2 cm im Durchmesser, mit aufgewölbtem Rand. Einzelfrüchte nicht erhalten, 
aber nach den Abdriicken sehr zahlreich (etwa 50), Abdriicke fast ohne Zwischenraum aneinander stoBend, 
mit etwas aufgewölbter Randzone und schwach eingesenktem, warzigem Mittelteil. Außere Toruswand 
und dessen Rand aus dichtstehenden, runden, papillösen Zellen bestehend. 

Typus: Tat. 19 Fig. 6,7. 

Vorkommen: Pliozäne Braunkohle von Megalopolis, Peloponnes. 


Nymphaea-Samen 
Taf. 19 Fig. 8—10; Taf. 20 Fig. 1 

Ohne Zusammenhang mit sonstigen Fruchtresten finden sich Nymphaea-Samen (Taf. 19 Fig. 8) oder 
Samenhäute von ihnen in der Braunkohle von Megalopolis. Die besten Bilder vom Aussehen der Zellen 
ergab die in Taf. 19 Fig. 9 wiedergegebene Samenhaut, wie besonders die beiden Vergrößerungen (Taf. 19 
Fig. 10 und Taf. 20 Fig. 1) zeigen, bei denen die regelmäßige Anordnung der teils langen, teils kürzeren 
Zellen, die starke Wellung der dicken Zellwände und ihre Tüpfelung zu sehen ist. Als Vergleich möge 
die Samenhaut von Nymphaea stellata Wizzo. (Taf. 19 Fig. R 11) dienen. Einen vollständigen Samen stellt 
die Abbildung Taf. 19 Fig. 8 dar. Auch hier lassen sich im Auflicht die Zellen mit ihren geschlängelten 
Wänden erkennen. Die beiden Samen unterscheiden sich in der Größe, der erste ist mit 3,5 mm Länge 
wesentlich größer als der zweite mit 1,8 mm. Auch sind die Formen verschieden, indem der erste zu 
einem ziemlich regelmäßig ovalen Samen gehörte, während der zweite ausgesprochen schief eiförmig ist. 
Wahrscheinlich liegen verschiedene Arten vor. 
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Brasenia sp. 

Taf. 17 Fig. 9 
; Auch von Brasenia liegt ein Samen mit der charakteristischen, hier etwa 0,4 mm weiten, runden 
Offnung (ohne Deckel) vor. Er ist 1,15 mm lang. 

KIRCHHEIMER (1957: 601) erörtert die Größenverhältnisse bei den verschiedenen Arten und nennt für 

B. purpurea Mcux. 2,2—4,2 mm Länge und für B. victoria (Casp.) WEBERB. 1,3—3,5 mm. Unser Samen 
fiele also in die zweite Gruppe, jedoch sind die in der Literatur angegebenen Maße uneinheitlich. KırcH- 
HEIMER meint, daß die kleineren fossilen, B. teumeri Kircax. genannten, doch nicht als besondere Art 
von B. victoria abgetrennt werden könnten, im übrigen sei die kleinere Form die ältere. Das trifft nun 
für den Samen von Megalopolis nicht zu. Vielleicht liegt hier eine besondere Art vor, denn die Mehrzahl 
der fossilen Samen zeigt nach KIRCHHEIMER keine Spur der Raphe, die auch bei der heutigen Art nur 
manchmal als flache Langsleiste oder seichte Rinne zu sehen sei, während sie bei dem griechischen 
Stück, wie die Abbildung zeigt (Taf. 17 Fig. 9), sehr deutlich ist. Wir sehen aber auch hier von einem 
besonderen Namen ab, bis die weitere Aufarbeitung der Braunkohlenproben vielleicht zahlreichere 
Samen geliefert hat. 


Ranunculaceae 
Taf. 17 Fig. 10—14: Taf. 19 Fig. 15 


Die Außenwände der Früchtchen der Gattung Ranunculus, zu der als Untergattung auch Batrachium 
gehört, sind durch gekreuzte Sklerenchymfasern mit sehr zahlreichen Tüpfelkanälchen ausgezeichnet und 
daher leicht zu erkennen, wenn sich Mikropräparate herstellen lassen. 


Batrachium sp. 
Taf. 17 Fig. 10—14; Taf. 19 Fig. 4, 5 


Von Batrachium, dem Wasserhahnenfuß, liegen Früchtchen und Fruchthäute vor. Sie schwanken in 
der Länge meist zwischen 1,18 und 0,99 mm, in der Breite zwischen 0,8 und 0,64 mm und zeigen die 
charakteristische unregelmäßige Querrunzelung (Taf. 17 Fig. 10, 11), die sich besonders bei der Aufsicht 
auf den Rand in erhabenen Wülsten darstellt (Taf. 17 Fig. 12, 13). Die Fruchthaut wird, wie gesagt, von 
gekreuzten Sklerenchymfasern gebildet (Taf. 17 Fig. 14, Taf. 3 Fig. 4, 5), doch sieht man bei der Aufsicht 
auf die Frucht nur die obere Längsstreifung (Taf. 17 Fig. 10). Diese oder sehr ähnliche fossile Formen sind 
schon beschrieben worden. So bilden C. & E. M. Rein (1907, Taf. 1 Fig. 2, 3) 1,25 und 2,08 mm lange 
Samen ab. Aber auch bei dieser Gattung halten sie eine Trennung in einzelne Arten nicht für möglich. 
Auch Kräusez (1937, Taf. 1 Fig. 13, 14), dessen Früchte 1—1,2 mm lang sind, bezeichnet sie ebenfalls nur 
als Batrachium sp. Auch nach den Abbildungen in BrIJERINCK"S Zaden-Atlas (1947) vermag man die 
fossilen Früchte nicht näher zu bestimmen. Vergleichbar sind die von B. hederaceum E. MEYER (Taf. 21 
Fig. 203), B. fluitans Fr. (Fig. 204), B. Baudotii v. D. BosscueE (Fig. 207) und B. heterophyllum We». = aqua- 
tile Dum. (Fig. 209), die jedoch alle größer sind als die fossilen. 


Ranunculus sp. 
Taf. 19 Fig. 1—3 


Grundsätzlich den gleichen Bau zeigt eine andere fossile, etwa 2 mm lange, ovale „Samenhaut“, 
auf der nicht die Oberflächenrunzelung wie bei Batrachium vorhanden ist (Taf. 19 Fig. 2). Bei den Rand- 
ansichten (Taf. 19 Fig. 3) sieht man aber eine sehr enge, stumpfe Zähnelung, die von einem jedoch sehr 
viel engeren, netzartig angeordneten System von feinsten Wülsten verursacht wird. Daraus ergibt sich 
in der Aufsicht die auffallende Erscheinung, daß die Haut hellere Räume in einem dunkleren Maschen- 
netz zeigt. 

Diese Haut stammt von einer Ranunculus-Art, von der sich auch ein ganzes Früchtchen gefunden 
hat (Taf. 19 Fig. 1). Es ist flach, unregelmäßig oval und mit einem Schnäbelchen versehen, mit dem es 
2,94 mm lang ist. Die Oberflächenskulptur zeigt in der Aufsicht dicht stehende runde Höckerchen, die 
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den bei der Randansicht der oben beschriebenen Fruchthaut sichtbaren stumpfen Zähnchen entsprechen. 
Wahrscheinlich gehören beide Fruchtreste zur gleichen Art. 

Ähnliche Früchtchen sind mehrfach beschrieben worden. Nicht von unserem Fossil zu unterscheiden 
sind diejenigen, die C. & E. M. Rein (1915, Taf. 7 Fig. 25, 26) von Reuver als Ranunculus nemorosus DC. 
abgebildet haben; sie sind 2,8 mm lang. Zwischen 1,9 und 2,5 mm lang ist die meines Erachtens gleiche 
Frucht, die dann E. M. Rez (1920, Taf. 8 Fig. 14) von Castle Eden als Ranunculus lateriflorus DC.? be- 
schreibt. Was bei gewissen Ranunculus-Früchtchen als „tuberculate“ bezeichnet wird (deutlich „irregu- 
larly tuberculate“ z. B. bei den Rer’s 1915, Taf. 7 Fig. 30—33 und hier R. lateriflorus DC. genannt), hat 
mit der sonstigen Skulpturierung, den dicht stehenden Höckerchen, nichts zu tun. Unsere Frucht ist 
jedenfalls nicht „tuberculate“. Sehr ähnlich sind auch die von Krause (1937, Taf. 2 Fig. 11) von Vogel- 
heim als Ranunculus cf. repens L., jedoch mit Hinweis auf die ähnlichen von R. nemorosus DC. abgebil- 
deten Früchtchen. Größe, Form und Skulpturierung unseres Fossils entsprechen auch der Abb. 202 von 
Ranunculus nemorosus DC. (= R. Breyninus Crantz) bei BEIJErINcK (1947). Man wird auch in diesem 
Falle abwarten müssen, was bei weiteren Aufsammlungen zum Vorschein kommt. 


Rosaceae 
Rubus sp. 
Taf. 20 Fig. 4 

Ein fast eiförmiger Samen von 1,91 mm Länge und 1,33 mm Breite mit unregelmäßig netzartiger 
Oberflächenskulptur (Taf. 20 Fig. 4) stammt sicher von einer Rubus-Art. 

Auch solche Samen sind vielfach beschrieben und abgebildet worden, aber eine sichere Artbestim- 
mung scheint kaum möglich zu sein. Diesen Standpunkt vertreten schon C. & E. M. Reıp, die (1915, 
Taf. 9 Fig. 14, 16) sehr ähnliche Samen von 1,5 bis 2,5 mm Länge und 1,2 mm Breite als die in Reuver 
und wohl auch Brunssum häufigste Form abbilden. Dagegen spricht sich E. M. Reıp etwas später dahin 
aus, daß von Castle Eden stammende ähnliche Formen (1920, Taf. 8 Fig. 1 und 3) von 2 mm Länge und 
0,8 mm Breite und (ebenda Fig. 4 und 5) von 1,7 mm Länge und 1,3 mm Breite denen von R. lasiostylus 
FockE bzw. adenophorus RoLre, beide in China heimisch, am besten entsprächen. Das von Krause (1937, 
Taf. 2 Fig. 16) von Vogelheim abgebildete Exemplar ist im ganzen runder, dagegen entsprechen wieder 
die polnischen Samen Szarer’s (1947, Taf. 9 Fig. 28—31), die er als Rubus caesius L. bezeichnet, auch in 
ihrer Größe, 1,9—2,3 mm Länge und 1,2—1,6 mm Breite, ganz unserem Fossil. KIRCHHEIMER will sie 
allerdings (1957: 409) ebenso wie die Samen der Reıp’s von Reuver mit seinem Rubus laticostatus ver- 
einigen, der schon im älteren Tertiär vorkommt. Er bildet andererseits selbst Samen von Reuver ab 
(1957, Taf. 19 Fig. 88), die er trotz guter Erhaltung nur als Rubus sp. bezeichnet. Aus alledem dürfte zu 
schließen sein, daß die fraglichen pliozänen Samen auch europäischen heutigen Arten so ähnlich sind, 
daß es kaum nötig erscheint, chinesische zum Vergleich heranzuziehen. 


Droseraceae 
Aldrovandia megalopolitana n.sp. 
Taf. 18 Fig. 10, 11 
Es liegt eine Anzahl runder bis kurz eirunder, urnenförmiger Samen vor, die nach Form und Bau 
zur Gattung Aldrovandia L. gehören. Sie haben einen etwas schief abgeschnittenen, breiten, kragenför- 
migen Nabel und am Gegenpol ein stumpfes Spitzchen und sind 1,5—1,62 mm lang (Taf. 18 Fig. 10). 
Ihre Testa ist in der Mitte des Samens etwa 270 u dick. Die Lage der Raphe ist äußerlich durch eine 
flache, aber sehr deutliche Rinne kenntlich. Die Samen sind tiefschwarz, aber nicht gerade glänzend, 
ihre Oberfläche etwas rauh. Charakteristisch ist aber eine glänzende innere Wandschicht, die bei allen 
aufgebrochenen Samen zu sehen ist. Sie besteht aus senkrecht zur Längsachse des Samens gestreckten, 
nach Art flacher Ziegelsteine aneinandergefügten, ziemlich regelmäßigen Zellen (Taf. 18 Fig. 11). 
Mit den fossilen Arten von Aldrovandia hat sich KırcHHEIMER (1941: 308) auseinandergesetzt. Seine 
A. praevesiculosa stammt aus dem Mittel- bis Oberoligozän von Senftenberg, die von Rreip & CHANDLER 
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(1926: 113) beschriebene A. intermedia aus dem Unter- oder Mitteloligozän der Insel Wight und die von 
den gleichen Autoren aufgestellte Art A. ovata aus dem Obereozän von Hordle in Südengland. Hingegen 
stammt eine von Nikitin erwähnte Art nach KIRCHHEIMER aus dem Pliozän oder Pleistozän des Don- 
gebietes, eine weitere, A. eleonorae Nix., aus den Miozänschichten bei Tomsk in Westsibirien. Anderer- 
seits habe Nıkırın (1927) Stücke aus dem Dongebiet als A. vesiculosa abgebildet, aber es sei nicht klar 
ersichtlich, ob er A. vesiculosa und eleonorae als verschiedene Arten betrachtet. 

Die fossilen Formen unterscheiden sich nur wenig von dem erstmalig von KorzcHinsky (1886: 302 
und 334) beschriebenen Samen der heutigen A. vesiculosa. Auf diese Beschreibung beziehen sich, wie 
auch KIRCHHEIMER sagt, alle späteren Angaben. KorzcHinsky unterscheidet eine äußere schwarze, sehr 
harte und zerbrechliche Zellschicht, auf die eine feine höckerige Lamelle und dann eine innere braune 
Schicht aus prismatischen Palisadenzellen folgt, die „bis 94 « lang und 35—37 u breit“ seien. Diese 
Samenschale „liegt der inneren Samenhaut nicht unmittelbar an, sondern ist durch eine Schicht von 
Zellen mit sehr dünnen, zarten und fast ganz farblosen Wänden von ihr geschieden“. In Taf. 18 Fig. 2 
wird sie nur im Querschnittsbild angedeutet. KırcHHEIMER sagt (1941: 309): „Bei den Fossilien sind nur 
die der äußeren Epidermis angehörigen Sklereiden erhalten, nicht aber die aus ziemlich dünnwandigen 
Elementen bestehende innere Palisadenzellschicht.“ Dieses Merkmal trifft nun bei den fossilen Samen 
von Megalopolis nicht zu: hier ist eine besondere innere Schicht stets in gleicher Weise erhalten. Es ist 
nicht anzunehmen, daß sie von den Untersuchern fossiler Samen übersehen worden wäre, wenn sie vor- 
handen gewesen wäre. 

Es ist andererseits wohl sicher, daß die innere Schicht bei unserem Fossil der inneren Palisaden- 
schicht Korzchinsky’s entspricht und nicht etwa der Schicht aus Zellen mit sehr dünnen, zarten Wänden, 
die fossil wohl kaum erhaltungsfähig ist. 

Unterschiedlich bei den verschiedenen Arten ist auch die Stärke der Testa. Bei A. praevesiculosa 
ist sie 70 u dick, bei intermedia 240 u, bei ovata sogar 350 u. Bei der rezenten Art ist nach der Zeichnung 
von Korzchinsky die Testa ohne innere Palisadenzellschicht 60 u, mit ihr etwa 160 u dick. 

Es fragt sich, ob die Verschiedenheiten der griechischen Samen zur Aufstellung einer neuen Art 
ausreichen. Das ist unseres Erachtens der Fall, einmal wegen der eigentümlichen, mit den Angaben 
Korzcuinsky’s nicht übereinstimmenden Innenschicht und dann, weil die heutige A. vesiculosa andere 
Maße der Testa besitzt. Bei den fossilen Arten aber fehlt durchweg die Innenschicht, zum Teil ist auch 
die Dicke der Testa nicht vergleichbar, so daß sich also die griechischen Früchte durchweg nicht mit den 
bisher bekanntgewordenen Arten vergleichen lassen. 

Unsere Art sei also nach dem Fundort 

Aldrovandia megalopolitana n. sp. 
genannt. 

Diagnose: Samen vom allgemeinen Aussehen von Aldrovandia-Samen, rund oder fast rund, mit 
breitem Nabel und stumpfer Spitze, mit flacher, aber deutlicher, die Raphe anzeigender Rinne, mit tief- 
schwarzer, etwas rauher Oberfläche. Innenwand der Schale aus senkrecht zur Längsachse gestreckten, 
reihenweise angeordneten Zellen bestehend. Länge des Samens 1,5 bis über 1,6 mm, Dicke der Testa in 
der Mitte des Samens etwa 270 u. 

apa se Tat 16 Fig, 10,11. 

Vorkommen: Pliozäne Braunkohle von Megalopolis, Peloponnes. 


Die vorstehend geschilderten Ergebnisse gründen sich, wie schon gesagt, nur auf wenige gelegent- 
liche Funde, die bei der Abfassung dieser vorläufigen Mitteilung schon vorlagen, und nicht auf eine 
gründliche floristische Durchforschung der Braunkohle, die noch folgen soll. Trotzdem sprechen schon 
sowohl die Blatt- wie die Fruchtreste eindeutig für ihre limnische Entstehung, wie sie von den Geo- 
logen auch vorher schon angenommen worden ist. Von Landpflanzenresten konnten nur solche nach- 
gewiesen werden, die wie einige Samen etwa durch Vögel in die Sumpflandschaft hineingetragen worden 
sein mögen, wozu natürlich auch noch die Möglichkeit kommt, daß in ihr auch kleinere, trockener ge- 
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legene Bezirke vorhanden waren. Zu der Vorstellung eines Flachwassers paßt es, daß nach den bis- 
herigen geologischen Befunden Holzreste sehr selten sind. Um so mehr mußte es von Interesse sein, das 
wenige, was zum Vorschein kam — es sind zwei Hölzer aus der Braunkohle des Schachtes 1 —, zu be- 
stimmen. Wie aus dem Folgenden hervorgeht, war ihr Erhaltungszustand gut genug, um ihre Zu- 
gehörigkeit festzustellen. 


c) Hölzer 


Quercus cf. Cerris L. 
Taf. 20 Fig. 5—8; Taf. 21 Fig. 1—5 


Querschnitt: Ringporiges Holz mit Jahresringen, die nur im inneren Teil des Holzes scharf be- 
grenzt sind (Taf. 20 Fig. 5), sich aber nach der Rinde zu stark verwischen und kaum mehr wahrnehmbar 
sind (Taf. 20 Fig. 6). Weitlumige Frühjahrsgefäße, wo die Jahresringgrenzen scharf sind, in zwei Reihen, 
worauf nicht in gabelig verzweigten Reihen stehende engere Gefäße bis zur Jahresringgrenze hin folgen. 
Thyllen sehr häufig. Markstrahlen von zweierlei Breite, die meisten einreihig, jedoch auch viele sehr 
breit und dann auf dem Querschnitt an der Jahresgrenze kegelartig eingezogen. 

Tangentialschnitt: Markstrahlen fast durchweg einreihig und dann von wenigen bis etwa zu 
20 Zellen hoch (Taf. 20 Fig. 7, 8; Taf. 21 Fig. 1, 2), ihre Wände stark feingetüpfelt (Taf. 21 Fig. 2). Die 
breiten Markstrahlen werden vielfach von Faserbündeln des Grundgewebes durchzogen, in die manch- 
mal auch einreihige Markstrahlen eingebettet sind (Taf. 21 Fig. 1). Abschnitte der weitlumigen Gefäße 
meist kurz, ihre Tangentialseiten meist mit Hoftüpfeln. Zwischen den Holzfasern auch Holzparenchym- 
zellen (Taf. 20 Fig. 7). 

Radialschnitt: Markstrahlenzellen von sehr verschiedener Form, jedoch meist = länglich, mit 
schiefen Seitenwänden und meist groBen ovalen Tüpfeln (Taf. 21 Fig. 3—5). 

Nach dem Gesamtbau des Holzes kann es sich nur um eine Quercus-Art handeln. Die Gattung 
Fagus, die ebenfalls schmale und breite Markstrahlen besitzt, scheidet aus, weil ihr Holz zerstreutporig 
ist und stets leiterformige Gefäßdurchbrechungen vorkommen. Die Artbestimmung der Eichen nach 
dem Holz ist aber sehr schwierig, weil sich viele der in Frage kommenden Arten nur undeutlich unter- 
scheiden. Mit Sicherheit ist wegen der ganz anderen Verteilung der Gefäße auf dem Querschnitt Quercus 
Ilex L. auszuschließen, ebenso wohl auch Q. Suber L., Q. Mirbeckii Kır., Q. pubescens WıLLp. und 
Q. conferta Kir. Bei Q. Robur L. kann man im Zweifel sein. Denn während Grecuss (1959) ausdrück- 
lich betont, daß die sehr großen Frühjahrsgefäße „bloß in einer Reihe“ stünden und das auch so abbildet 
(Taf. 24 Fig. 1), wird von dieser Einreihigkeit bei Scamipr (1941) nicht gesprochen; sie tritt auf der Ab- 
bildung auch nicht hervor. Diese nähert sich vielmehr dem Bild, wie es unser Fossil bietet, wo die großen 
Gefäße in zwei Reihen stehen. Allerdings verschwinden die kleineren Gefäße bei Grecuss und SCHMIDT 
im Spätholz fast ganz, während sie bei dem Fossil bis an die Spätholzgrenze ziehen, was sie bei Q. Robur 
nicht tun oder doch verschwindend klein werden. Danach müssen wir wohl auch diese ausschließen, und 
das gleiche gilt für Q. sessiliflora Surrx (Scamipr 1941). Somit bleibt noch Q. Cerris L. übrig, die nach 
der Beschreibung und den Bildern von Grecuss (1959, Taf. 23) am besten mit unserem griechischen 
Holz übereinstimmt. Grecuss unterscheidet von ihr noch var. austriaca Loup., bei der die kleineren Ge- 
fäße in gabelig sich aufteilenden Reihen stehen sollen, wovon bei unserem Holz nichts zu bemerken ist. 
Es dürfte also mit großer Wahrscheinlichkeit von Quercus Cerris L. stammen, die ja auch heute noch in 
Südeuropa und Westasien verbreitet ist und von der in Griechenland mehrere Varietäten unterschieden 
werden (K. H. RECHINGER 1943). 


Castanea sativa Mixx. 
Taf. 21 Fig. 6—11 


Querschnitt: Eindeutig ringporiges Holz (Taf. 21 Fig. 6), bei dem die J ahresringe immer scharf 
abgesetzt sind. Die sehr groBen FrühjahrsgefäBe stehen teils einzeln, teils in schrag aufeinanderliegen- 
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den Paaren in mehreren Reihen und die Spätholzgefäße nehmen dann sehr plötzlich an Größe stark 
ab. Thyllen sind häufig. Die Markstrahlen sind einheitlich schmal. 

Tangentialschnitt: Markstrahlen stets einreihig, von wenigen bis etwa 30 Zellen hoch. Ab- 
schnitte der Gefäße kurz, diese mit einfachen und Hoftüpfeln (Taf. 21 Abb. 7, 8). Parenchym sehr spär- 
lich zwischen den Fasertracheiden. 

Radialschnitt: Markstrahlen + abgerundet rechteckig quergestreckt, mit kleineren und grö- 
Beren Tupfeln (Taf. 21 Fig. 11). 

Von den in Frage kommenden Hölzern kann es sich hier nur um das der Edelkastanie handeln, die 
also auch schon im Pliozän in Griechenland einheimisch war. | 


2. Sporen und Pollen 


a) Liste der Sporen- und Pollenfunde 


In dieser ersten Arbeit haben wir auf Benennungen von Sporomorphen verzichtet. Denn erst nach 
der quantitativen Bearbeitung einer größeren Profilserie lassen sich erfahrungsgemäß die Formspecies 
befriedigend abgrenzen und definieren. Wir bedienen uns vorläufiger, nichtnomenklatorischer Bezeich- 
nungen, ähnlich wie in früheren Arbeiten, und ersparen uns damit spätere Revisionen. Die bereits in 
der Literatur vorhandenen Namen, vorläufige oder endgültige, werden natürlich in ihrem Sinne benützt. 

Nachdem inzwischen ein größeres rezentes Vergleichsmaterial gesichtet wurde, hat die botanische 
Bestimmung so weit Fortschritte gemacht, daß man nun für die pliozänen Floren des Balkanraumes das 
natürliche System stärker betonen kann. Wir haben das also hier berücksichtigt. Wir haben aber, wie 
früher, Wert darauf gelegt, daß jeder Typus, für den sich kein botanischer Gattungs- oder Artname an- 
geben läßt, eine eigene, eindeutige, unverwechselbare Bezeichnung erhält. Zum Beispiel sagen wir 
nicht „Pilzspore“, sondern „Pilzspore G-Typus“. 

Eine Liste der Formgenera und Formspecies wird später mit den endgültigen Namen veröffentlicht. 
Im folgenden geben wir eine Aufstellung der durch die Sporen- und Pollenfunde aufgezeigten bota- 
nischen Einheiten. 


A. Fungi 
Ustilaginales (Taf. 23 Fig. 2, 13) 
B. Bryophyta 
Sphagnaceae mit Sphagnum 


C. Pteridophyta 
Polypodiaceae (Taf. 22 Fig. 1) 

D. Spermatophyta 

I. Gymnospermae 
Cycadaceac? | 
Ginkgoaceae?| 
Pinaceae mit Pinus, Larix 
Taxodiaceae mit Taxodium 
Cupressaceae? 


A 


(Taf. 22 Fig. 59, 61) 


II. Angiospermae 


Monocotyledoneae 


Sparganiaceae oder Typhaceae 
Hydrocharitaceae? (Taf. 22 Fig. 6—8) 


— 
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Gramineae (Taf. 22 Fig. 14—17) 
Cyperaceae 

Palmae 

ATa cede 

Liliaceae 

Amaryllidaceae 

Iridaceae 


Dicotyledoneae 


Fagaceae mit Quercus, Fagus, Castanea (Taf. 22 Fig. 41—43, 48—51, 56—58, 60) 
Betulaceae mit Betula, Alnus (Taf. 22 Fig. 18) 
Chenopodiaceae? (Taf. 22 Fig. 27, 28, 39, 54) 
Nymphaeaceae (Taf. 22 Fig. 6—8; Fig. 9—10) 
Magnoliaceae? (Taf. 22 Fig. 38, 40, 46, 47) 
Rutaceae mit Phellodendron 

Buxaceae? 

Anacardiaceae mit ? Rhus 

Vitaceae mit Parthenocissus (Taf. 22 Fig. 24—26) 
Elaeagnaceae? 

Myrtaceae 

Halorrhagaceae (Taf. 22 Fig. 11—13) 
Araliaceae mit cf. Hedera 

Umbelliferae mit cf. Oenanthe (Taf. 22 Fig. 21—23) 
Sapotaceae 

Oleaceae 

Compositae (Taf. 22 Fig. 2—5, 29—37) 


Bei allen Angaben, die hier nicht durch Abbildungen belegt und die im Text nicht behandelt sind, 
wird auf entsprechende Formen von Ptolemais verwiesen (siehe WEYLAND & Prruc 1957, Liste auf S. 100; 
WEYLAND, Prtuc & MUuELLeR 1960, Liste auf S. 74—77 sowie die entsprechenden Abbildungen). 


b) Beschreibungen der Formen 


Polypodiaceae 
Reticuloidospor. (Polypodiispor. R. Por. 1956) Tu. & Pr. 1953 aus der Verwandtschaft favus R. Por. 1931 
Taf. 22 Fig. 1 

Es wurden bisher insgesamt 4 Exemplare aufgefunden. Die langen Achsen messen 48 u beim 
kleinsten, 68 « beim größten Vertreter. Die Oberfläche ist mit flachen Warzen skulpturiert, die ein 
linienfeines Reticulum einschließen. 

Auf Grund dieses Merkmales muß der Typus in die Formgattung Reticuloidosporites eingeordnet 
werden, nachdem KrutzzscH (1959, S. 207) an Hand der Poronré’schen Typensammlung die Verwirrung 
der Formspecies favus und secundus beseitigt hat. Hiernach ist wie bei der erstgenannten Species ein 
negatives Reticulum vorhanden. Der Speciesname favus bezieht sich auf einen mitteltertiären Fund aus 
der Rheinischen Braunkohle, unserer läßt sich mit diesem nicht voll identifizieren. 

Unter rezentem Vergleichsmaterial haben wir keine Skulpturformen finden können, die unserem 
Typ völlig gleichen. Auch in der Literatur ließ sich nichts Entsprechendes entdecken. Die meiste Ähn- 
lichkeit war mit Species der Gattungen Polypodium und Nephrolepis zu erkennen. 
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Gramineae 
Monoporopollenites Ptolemais-F-Typus 
Dat. 2 Wie 14-197 
1957: WeryYLAND & PrLuG, S. 102, Taf. 22 Fig. 14, 15. 

Im Megalopolis-Spektrum erscheint dieser Typus besser erhalten und läßt einige weitere Merkmale 
erkennen. Die Stäbchen haben schwach verdickte Köpfchen. Den Porus umgibt ein Vestibulum. Das 
verweist den Typus in die Familie der Gramineae. Wir vergleichen die Funde mit Phragmites. 

Ahnliche Formen wurden im Oberpannon Ungarns gefunden (Nacy 1958, Taf. 24 Fig. 12—19). 
Gramineen finden sich auch vielfach im Pliozän Mitteleuropas (siehe Liste bei ALTEHENGER 1959, S. 48). 


Cupuliferae 
Tricolpopollenites cf. asper Pr. 1953 a 
Taf. 22 Fig. 19, 20 


Tricolporopollenites porasper Tu. & Pr. 1953 (Quercus) 
Taf. 22 Fig. 4143, 48—51 


Tricolporopollenites fagoides Krurzscu 1954 
Taf. 22 Fig. 56—58, 60 
Tricolporopollenites Megalopolis-E-Typus 
Taf. 22 Fig. 44, 45 

Ähnlich wie in Ptolemais ist der Anteil quercoiden Pollens im Spektrum besonders hoch, höher als 
in gleichaltrigen Ablagerungen Mitteleuropas. Dieser Unterschied dürfte also regionale Bedeutung haben. 
Die Aufgliederung in die Formspecies asper und porasper wird durch zahlreiche Übergangsformen er- 
schwert, sicherlich sind weit mehr als nur zwei Eichenarten an diesem Reichtum beteiligt. Wahrschein- 
lich wird man durch Skulpturuntersuchungen zu einer schärferen Untergliederung kommen. Zur Er- 
läuterung der Variationsbreite sei auch auf Taf. 22 Fig. 47—48, S. 101 bei WeyLanp & PrLuc 1957 und 
auf Taf. 13 Fig. 27, 28, 34, 35 sowie Taf. 13 Fig. 16—19, 23—25, 29—33, 43 bei WEyLAND, PFLUG & MUELLER 
1960 hingewiesen und auch auf die Feststellung bei WEYLAND, PrLuG & PanTié aufmerksam gemacht. 
Hier ist die quercoide Gruppe durch die Formspecies porasper, asper, megasper und geniculoides ver- 
treten. Ergänzend zu den dortigen Tabellen auf S. 93, 94 kann festgestellt werden, daß diese Formen 
besonders im Pliozän massiert auftreten. In tieferen Schichten fand sich regelmäßig noch der asper-Typ. 
Alle anderen Formen kommen nur noch verstreut vor. Im Lager Vevi, dessen Alter wir auf Pliozän 
geschätzt hatten, ist tatsächlich noch das breite Spektrum quercoider Formen vertreten. 

Der Megalopolis-E-Typus hat cupuliferoide Merkmale nach Größe, Form und Germinalbau, dazu 
eine eigenartige Höckerskulptur. Im Gegensatz zu ähnlichen Formen in Ptolemais sind die Höcker wie 
kleine Pyramiden ausgebildet. Weitere Angaben über Cupuliferen im Pliozän Mitteleuropas bringt 
ALTEHENGER 1959, S. 39, 40. 


Betulaceae 
Trivestibulopoll. betuloides Pr. 1953 b (Betula) 
Taf. 22 Fig. 18 
Seltener als in Ptolemais und in den jugoslawischen Vorkommen ist der Pollen der Betula-Alnus- 
Gruppe in Megalopolis vertreten. Noch auffallender erscheint der Unterschied gegenüber dem häufigen 
Vorkommen im Pliozän Mitteleuropas und dem Massenauftreten im arktischen Pliozän. 


Chenopodiaceae? 
Periporopollenites multiplex Win. & Pr. 1957 
Form Ptolemais-G-Typus 
Taf. 22 Fig. 27, 28, 39, 54 
1957: WEXLAND & PrLuc, S. 103 und Taf. 22 Fig. 18, 19, 21. 
1958: WeyLAanD, Prive, PanTié, S. 94 (Liste) und Taf. 14 Fig. 19, 20. 
1960: WeyLanD, PrLuc, MUELLER, S. 79 und Taf. 10 Fig. 20, 23, 25, 27, 28. 
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Die beiden Typen lassen sich nicht mit Sicherheit trennen, aber dennoch scheinen in dieser nach 
der Größe sehr variablen Gruppe verschiedene Species zu stecken. In der Liste bei WEyLAND, PFLUG 
& Panrié auf S. 94 muß es übrigens statt Ptolemais-C-Typus richtig Ptolemais-G-Typus heißen. Den 
Ptolemais-G-Typus, abgebildet auf Taf. 22 Fig. 21 bei WeyLanp & Priuc 1957, fassen wir als Zwergform 
von P. multiplex auf und scheiden Fig. 20, 22 als eigenen Typ ab. Vertreter kommen in mehreren 
balkanischen Lagerstätten regelmäßig vor, wurden bisher aber vorzugsweise im Pliozän beobachtet. 
Bezüglich der Bestimmung halten wir an dem 1960 Gesagten fest, d.h. Chenopodiaceae (z. B. Salicornia, 
Atriplex) kommen in Frage, aber auch Caryophyllaceae entwickeln sehr ähnliche Formen. Die aus dem 
Oberpannon von Ungarn bei Nacy (1958, Taf. 20 Fig. 23, 29) abgebildeten Formen scheinen sehr nahe zu 
stehen. Über ähnliche Funde im Pliozän Mitteleuropas vergleiche man Lescuik 1954, ALTEHENGER 1959. 


Nymphaeaceae? Hydrocharitaceae? 
Monocolpopollenites Megalopolis-V-Typus 
Taf. 22 Fig. 6—8 

Kugelig bis bohnenformig, 18—28 « in der langen Achse messend, Skulptur einbegriffen. Skulptur 
setzt sich aus kurzen Kegeln von rundlichem bis eckigem Grundriß zusammen, dicht angeordnet. Die 
breiten Kegelbasen lassen nur schmale Zwischenräume frei, die ein negatives Reticulum formen. 

Den uns bekannten ähnlichsten Typus bildet Nuphar aus. Bei den verglichenen Arten (N. luteum, 
N. pumilum) sind die Stacheln schlanker, länger und locker angeordnet. Jedoch kann auch an Stratiotes 
gedacht werden. 

In Ptolemais fanden sich ähnliche Formen, wie z.B. M. graecus (WEYLAND & PrLuc 1960, S. 81, Taf. 11 
Fig. 38, 44, Taf. 12 Fig. 9). Dieser zeigt zusätzlich noch ein feines Stäbchenmuster in der Exine. 


Nymphaeaceae? 
Monocolpopollenites piliferus Wip. & Pr. 1960 
Taf. 22 Fig. 9, 10 

1957: WEyLAnD & Pruuc, Taf. 22 Fig. 32, 33. 
1960: WeyLAnD, PrLug & MUELLER, Taf. 11 Fig. 2—7. 

Auch in Megalopolis ist diese Formspecies regelmäßig vertreten. Es ist nicht der geringste Unter- 
schied zu den Funden von Ptolemais zu erkennen. 

In der botanischen Deutung sind noch keine Fortschritte erzielt worden. Nach wie vor bleiben 
neben Nymphaeaceae auch Helobiae und Liliiflorae in Betracht. 

Zur Species gehörige Exemplare sind auch aus dem Oberpannon von Ungarn bekannt (Nacy 1958, 
Taf. 19 Fig. 1—4), ähnliche Arten verstreut im Pliozän Mitteleuropas. 


Magnoliaceae? 
Monocolpopollenites Megalopolis-K-Typus 
Taf. 22 Fig. 38, 40 
Monocolpopollenites Megalopolis-L-Typus 
Taf. 22 Fig. 46, 47 
Große, schwach skulpturierte oder strukturierte Formen, die dem Magnoliaceae-Typus nahestehen, 
aber auch Anklänge an Monocotyledonae (Liliiflorae u. a.) erkennen lassen. 
Der K-Typus, um 50 « in der langen Achse, mit sehr zarter Exine mit punctatem Muster; der 
L-Typus etwas kleiner (um 40 «), aber kräftiger in der Exine mit undeutlicher, rugulater Skulptur. 
Solche und ähnliche Formen treten in Megalopolis regelmäßig auf, etwas häufiger als in Ptolemais. 


Vitaceae 
Tricolporopollenites wallensenensis Tu. & Pr. 1953 
Taf. 22 Fig. 24—26 
Abbildung und Beschreibung bei Tuomson & PrLuc (Taf. 13 Fig. 13, S. 103) stimmen mit unserem 
Fund überein. 
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Der Vergleich mit Parthenocissus erscheint mehr berechtigt als der mit Hedera. Tuomson & PrLuc 
melden nur Funde aus dem Pliozän von Wallensen im Hils. Ahnliche Formen sind bei Nacy (Oberpannon, 
Ungarn) als cf. Diospyros auf Taf. 20 Fig. 33 abgebildet, verwandte auf Taf. 13 Fig. 11—13 bei WEYLAND, 
Priuc & Pantié 1958 aus dem Pannon Sloweniens. 


Halorrhagaceae 
Megalopolis-G-Typus 
Taf: 22 Figs 11—13 
Form, Größe und Germinalbau erinnern an den Myriophyllum-Typ. Er ist sonst noch in keiner 
balkanischen Lagerstätte beobachtet worden, soviel wir wissen. Systematisch nahestehen kénnte ihm 
der Ptolemais-D-Typus (WeEyLanp & PrLuc 1957, Taf. 21 Fig. 8, 9), den wir seinerzeit mit Myrtaceen ver- 
glichen haben. Man vergleiche auch die Angaben über das Pliozän von Mitteleuropa bei Lrescurx 1954, 
ALTEHENGER 1959. 


Umbelliferae 
Tricolporopollenites Megalopolis-C-Typus 
Taf. 22 Fig. 21—23 

Lange Achse um 20 u oder ein wenig mehr. Polkontur schmal elliptisch, Aquatorkontur dreieckig. 
Colpen und Cavernae reichen bis an die Pole. Schmaler, rugenartiger Exoporus und elliptischer, äqua- 
torial gestreckter Endoporus. Exine kräftig intrabaculat, Stäbchen an den Polen etwas länger als am 
Äquator. 

Botanische Zugehörigkeit: siehe Oenanthe aquatica und Verwandte. 

Interessant ist, daß ein ähnlicher Umbelliferen-Typus bereits aus der Braunkohle von Vevi als 
T. veviensis WEYLAND, PFLUG & PANTIÉ 1958, S. 87, Taf. 15 Fig. 18—20 beschrieben worden ist, sowie einer 
aus dem Oberpannon des Matra-Gebirges (Nacy 1958, Taf. 20 Fig. 11—14). 

Auch Taf. 15 Fig. 19 bei WEyLAND, PrLuG & Pantié möchten wir nun eher zu den Umbelliferae stellen. 
Zum Vorkommen von Umbelliferen-Pollen im Pliozän Mitteleuropas vergleiche man auch ALTEHENGER 
1959, S. 36. 


Compositae 
Tricolporopollenites kozaniensis Wip. & Pr. 1960 
TA) hie. 23 

Die Funde entsprechen den Vorbildern aus der Kohle von Ptolemais (WEYLAND & PrLuc 1960, Taf. 13 
Fig. 1, 3, 5, 7, 8, 12—15 und S. 82) vollständig. Dort wie hier finden sie sich regelmäßig. Nach der Art der 
Skulptur könnte man an eine Verwandtschaft mit Senecio denken, bei Senecio palustris ist allerdings 
die Stäbchenschicht geringmächtiger. Vergleiche lassen sich weiterhin mit Chrysanthemum anstellen. 

Den zweiten Compositen-Typus von Ptolemais, T. liptolensis (WEYLAND & Prruc 1960, Taf. 13 Fig. 2, 
4, 10, 11), haben wir in Megalopolis bisher noch nicht beobachtet. Er ist aber wohl zu erwarten. Die 
Durchsicht weiteren Vergleichsmaterials ließ uns in der Gattung Cirsium ähnliche Bautypen feststellen 
(z. B. bei C. palustre und C. oleraceum). Man vergleiche auch die Angaben über Compositen im Pliozän 
von Mitteleuropa bei LescHik 1951 und 1954 und bei ALTEHENGER 1959. 


Tricolporopollenites Megalopolis-A-Typus 
Taf. 22 Fig. 4,5 
Diese Form ist neu und bisher erst in zwei Exemplaren gefunden. Diese erscheinen so stark defor- 
miert, daß eine morphologische Deutung nur mit Vorbehalt geäußert werden kann. Die Exinen haben 
Kugelgestalt, erreichen mit Skulptur etwa 25—30 u im Durchmesser und besitzen drei kurze Colpen 
mit undeutlichen Poren. Der schmalen, glatten Endexine sitzen sehr zarte, lange Stäbchen auf, deren 
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Spitzen von einem Tectum bedeckt scheinen. Einen Vergleich mit einer Gattung der Compositae wagen 
wir noch nicht zu ziehen. 


Tricolporopollenites Megalopolis-B-Typus 
Taf. 22 Fig. 29—37 

Lange Achse zwischen 20 und 25 u, kugelig bis ellipsoidisch. Colpen mit breiten Cavernae, die pol- 
wärts kommunizieren. Kleiner, kreisrunder Exoporus, elliptischer, meridional gestreckter Endoporus. 
Exine mit besonders kräftiger Stäbchenschicht, besonders deutlich in der Polansicht. Äquatorkontur 
kreisförmig mit tief eingesenkten Germinalien. 

Der Typus läßt sich mit Vertretern der Gattung Artemisia vergleichen. 

Auch in Ptolemais sind zugehörige Exinen gefunden worden. Ein schlecht erhaltenes Exemplar ist 
bei WeyLann & PrLuc 1957, Taf. 22 Fig. 57, 58 als Tricolpopoll. cf. densus abgebildet. Die densus-Gruppe 
vertritt aber in ihrer ursprünglichen Bedeutung (THomson & PrLuc 1953, S. 96) nicht den Compositen- 
Typus. 


Pollenitesincertae sedis 
Monocolpopollenites aff. Ptolemais-U-Typus 
Taf. 22 Fig. 59, 61 
1960: WEYLAND, PFLUG & MUELLER, S. 81, Taf. 11 Fig. 34, 43. 
Die Exemplare von Megalopolis sind etwas kleiner, die Exine erscheint kräftiger, die Zeichnung 
verwaschen maculat. Zugehörigkeit: Cycadinae? Ginkgoinae? 


Sporites? Pollenites? aff. Ptolemais-X-Typus 
Taf. 22 Fig. 52, 55 
1960: WEYLAND, PFLuUG & MUELLER, S. 85, Taf. 14 Fig. 19, 20, 22—25, 27—34, 36—38, 41—43. 

Gegenüber dem Typus (1960, Fig. 22, 23) weichen die Megalopolis-Funde etwas ab, gehören aber 
sicherlich noch in die Nähe des Formenkreises. Man erkennt scheibenförmige Körper von unregelmäßig 
elliptischem Umriß mit doppelter Wand und einer Colpus-ähnlichen Längsnaht, die geradlinig, manch- 
mal auch spiralig verläuft. 

Über die systematische Zugehörigkeit besteht immer noch Ungewißheit. Ob die Häufigkeit in 
Megalopolis ähnlich groß ist wie in Ptolemais, bleibt dahingestellt. 


Pilzreste 
Pilzspore Megalopolis-M-Typus 
Taf. 23 Fig. 1 
Kontur in der Peripherie der langen Achsen angenähert dreieckig. Kräftige, mehrere Mikron dicke 
(einschichtige?) Wand. Gelbbräunliche, durchscheinende, chitinöse Substanz. Verstreut im Megalopolis- 
Spektrum vorkommend. Ähnlich, aber rundlicher ist der Megalopolis-P-Typus (Taf. 22 Fig. 53). 


Pilzspore Megalopolis-N-Typus 
Mats 23) Higa 2S 
Einzellige, eiförmige Körper, gelblich durchscheinend, mit dünner, einschichtiger Wand. Vielleicht 
kleine Dauersporen (Ustilaginales?). Ähnliche Formen finden sich in der Rheinischen Braunkohle (NeEvuy- 
STOLZ 1958, Taf. 1 Fig. 10—18). 


Pilzspore Megalopolis-R-Typus 
Taf. 23 Fig. 20 
Keulenformig, sechskammerig, von tiefbraun-roter Färbung. Wand erscheint völlig glatt. Konidien- 


kette? Teleutospore? Sehr nahestehende Form bei Nacy 1958, Taf. 1 Fig. 15 (Oberpannon, Ungarn). Viel- 
leicht ahnlich: Fig. 30, Taf. 3 bei ALTEHENGER 1959, Oberpliozän, Mitteleuropa. 
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Pilzreste? Megalopolis-T-Typus 
Taf. 23 Fig. 16, 18 
Die Funde sind alle nur in Bruchstücken erhalten. Mehrere Zellen werden von einer kräftigen, 
außen schwach skulpturierten Außenwand umgeben. Die Zwischenwände des schlauchförmigen Gebildes 
sind schwächer und glatt. Bräunliche Färbung mit einem Stich ins Grüne. 


Pilz-Sklerotium Megalopolis-V-Typus 
Taf. 23 Fig. 17 


Eiförmiges Sklerotium, aus einem Haufwerk starkwandiger, rundlicher Zellen bestehend. 


3. Sonstige pflanzliche und tierische Reste 


Harzkörner (Taf. 23 Fig. 15, 19) mit charakteristischer Blasenstruktur seien deshalb besonders er- 
wähnt, weil sie ziemlich häufig im Mazerationspräparat vorkommen und in ähnlicher Form auch im 
Ptolemais-Profil zu finden sind. 

Zum Mazerationsrückstand gehört der Megalopolis-S-Typus, ein eiartiges Gebilde, fein strukturiert, 
in einer glasklaren, zarten Hülle (Taf. 23 Fig. 14). Wir glauben, daß es tierischer Herkunft ist, kennen aber 
keine vergleichbaren Fossilreste. Im Prinzip ähnlich, wenn auch etwas komplexer scheint der Despotovac- 
A-Typus (Obermiozän) bei WEYLAND, PFLUG & Panri6 (1958, Taf. 15 Fig. 23—25 und S. 91) gebaut zu sein. 

Der Schlämmrückstand einer kleinen Sedimentprobe bot einen Reichtum verschiedener Mikro- 
fossilien. Besonders groß ist die Zahl der Charophyten, die zur Zeit noch untersucht werden. Einen 
häufig vorkommenden Rest bilden schon Marinos & AnastorouLos (1959, Abb. 3) als Tectochara meriani 
diluviana ab, bei uns Taf. 23 Fig. 8. 

Marinos & ANASTOPOULOS nennen in ihrer Arbeit von 1959 auch bereits eine ganze Reihe anderer 
tierischer Fossilien, die in der am Anfang der vorliegenden Veröffentlichung wiederholten Zusammen- 
fassung nicht erwähnt sind. Bezüglich dieser möge daher auf die griechische Arbeit verwiesen werden. 


Viviparus acramiticus (BUKoWskI) var. 
Rate23 LS AO 09 
1893: Vivipara acramitica Bukowski, Denkschrift Akad. Wiss. Wien, Nat.-Math. Kl. 60, S. 272—275, 
Taf.1 Fig. 13, Taf.2 Fig. 2—4. 
1928: Vivipara acramitica Bux., Macrocrassi, Atti Soc. lt. Sc. Nat. 67, Mailand. 
1953: Vivipara acramitica Bux., Psarıanos, Ann. Geol. des pays helléniques, 5, Athen (Liste S. 95). 

Wir besitzen zwei Exemplare, die beide nach der uns vorliegenden Literatur viele Ubereinstim- 
mungen mit der obengenannten Art von Bukowskı 1893 aufweisen. Das Gehäuse ist massiv gebaut, an- 
genähert kegelförmig, mit sechs Umgängen, die ersten vier von ihnen sich gleichmäßig vergrößernd, im 
fünften und sechsten von stärkerer Größenzunahme. Bei unserem abgebildeten Exemplar sind die ober- 
sten drei Umgänge im Umriß konvex begrenzt, der vierte ist noch schwach konvex, die Flanken des 
fünften und sechsten sind geradlinig bis schwach konkav. Beim zweiten Exemplar beginnt die konkave 
Kontur schon an den Flanken des dritten Umganges. Die oberen Windungen erscheinen an den Nähten 
eingeschnürt, die beiden letzten Windungen setzen sich an den Nähten treppenartig ab. Der letzte Um- 
gang läßt an der Basis eine stumpfe Kante erkennen, welche die geraden Flanken vom gewölbten 
Boden abgrenzt. Diese Kante nimmt in Nähe der Mündung an Schärfe ab. Die Mündung, übrigens an 
beiden Exemplaren nicht ganz komplett erhalten, ist angenähert schief eiförmig gestaltet, oben win- 
kelig begrenzt, unten breit oval. Die Innenlippe erscheint etwas ausgeschlagen, läßt aber eine deutliche 
Nabelspalte frei. Der letzte Umgang erreicht nicht ganz die Höhe des Spitzengewindes. Das Gehäuse ist 
glatt bis auf eine feine Axialstreifung, die schräg nach vorn unten verläuft. 


Palaeontographica. Bd. 108. Abt. B. 15 
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Das alles sind Merkmale, die auch den Bukowskr’schen Typen zu eigen sind. Kleine Abweichungen 
bestehen in der Größe, wie die Gegenüberstellung zeigt: 


Rhodos 1 | Rhodos 2 Megalopolis 1 | Megalopolis 2 


HONE SESAME G 8 5 on So 5 6 6 42 39 35 36 mm 
Höhe letzter Umgang . . . . 19 18 18 mm 


Hinzu kommen noch einige weitere kleine Unterschiede: Die Mündung scheint sich an den Megalo- 
polis-Exemplaren im unteren Teil etwas stärker zu weiten. Die Nuklearwindung ist nicht spitz, son- 
dern mehr rundlich gestaltet, sie ragt nur wenig über die nachfolgende Windung hinaus. 

Die Abweichungen erscheinen uns aber vorerst zur Abgrenzung einer eigenen Species nicht aus- 
reichend. Wir möchten die Megalopolis-Exemplare nur als eine besondere Varietät oder Form obiger 
Species ansehen. 

Vorkommen und Beziehungen: Nach den bisherigen Meldungen scheint die Species ihre 
Schwerpunkte in der östlichen Ägäis und in Anatolien zu haben. Von Rhodos sind als nahestehende 
Formen V. acramitica var. sulcata Macrocrassi 1928 und V. rhodensis Bukowskı 1893 zu nennen. Sehr 
nahe Verwandte birgt die Insel Kos, besonders mit V. hippocratis Neumayr (1880, S.300, Taf.2 Fig. 13 
bis 16) und V. tournoueri Neumayr 1880 (S. 301, Taf.2 Fig.17—21). Besonders die letztere mit ihrer 
konkaven Flanke und der starken basalen Kante am jiingsten Umgang sowie der nach unten stark ge- 
weiteten Mündung verrät viel Ahnlichkeit mit den Megalopolis-Exemplaren, letztere übertreffen aber 
die genannten Species von Kos in ihrer Größe um die Hälfte. 

Soweit zu den östlich gelegenen Vorkommen. Von den nördlich Megalopolis gelegenen Fund- 
punkten ist zunächst Ptolemais erwähnenswert. Von den bei Veruuıs (1956) abgebildeten Viviparen ist 
das Exemplar Taf. 26 Fig.7 den Megalopolis-Exemplaren doch sehr ähnlich. Man erkennt die konkave 
Kontur der Bodenwindung, die (vielleicht etwas schwächere) Kielung an der Basis, eine ähnliche Mün- 
dung und Skulptur. Allerdings ist diese Ptolemais-Form, die VeruLıs mit V. rumana TouRNOUER ver- 
gleicht, in den Spitzenwindungen von den Megalopolis-Exemplaren verschieden und auch um etwa ein 
Drittel größer. Die typische V. rumana TourNovER 1873 (fide STEFANnESCU 1896, Taf.9 Fig. 24—26 und 
S.91) schließlich weicht in Größe, Form, Kontur und Mündung von den Megalopolis-Exemplaren be- 
reits bedeutend ab. Die meisten vergleichbaren Formen unter den rumänischen Funden wie V. wood- 
wardi Brusina, V. bergeroni SaBBA, V. bifarcinata stricturata NEUMAYR stehen doch schon entfernter. 
Innerhalb der griechischen Faunen könnte man noch auf V. megarensis Fucus 1876 (Taf. 2 Fig. 49) hin- 
weisen, diese erscheint stärker spitzkegelig und allwärts mit konvex geformten Windungsflanken. 

Unter den slowenischen Faunen treffen wir mit V. leiostraca Brusina (1874, S. 75, Taf. 1 Fig. 13 
und 14) auf einen eher vergleichbaren Vertreter. Andere ähnliche Species sind V. spuria Brusına (NEU- 
MAYR & PAUL 1875, Taf. 6 Fig. 1, S. 60), V. brusinai NEuMAYR (ebenda Taf. 6 Fig. 8) sowie die bereits er- 
wahnten V. bifarcinata und ? V. hippocratis. Schließlich sei noch V. sadleri PartscH genannt (NEUMAYR 
1869, Taf. 14 Fig. 2), die auch in Siebenbürgen gefunden wurde (Hersich & NEuMmayr 1875, Taf. 16 
Fig. 1), wo auch V. grandis NEuMAYR (ebenda Taf. 16 Fig. 3) einen Vergleich wert ist. 

Ergebnis: Diese Übersicht, die sich auch auf weitere Species ausdehnen ließe, zeigt ähnlich wie 
der floristische Befund Beziehungen zwischen griechischem und nordbalkanischem Pliozän. Insgesamt 
werden aber wohl die Gemeinsamkeiten schwächer, je weiter man nach Norden schreitet. Unsere 
Megalopolis-Exemplare vertreten zweifellos den clinoconchen Typ im Sinne Neumayr’s, mit ihrem 
kegelförmigen Habitus und ihrem bodenwärts stark erweiterten Endumgang. Was an Vertretern mit 
kantigen Umgängen im Norden auftritt, gehört fast durchweg zum orthoconchen Typ mit fast senk- 
rechten Flanken und kaum erweiterter Basis. Soweit im Norden ähnliche kegelförmige Gehäuse aus- 
gebildet werden, fehlen wieder die charakteristischen schwach konkaven, gekielten Flanken. Inter- 
essant sind die engen Beziehungen nach Osten, die sich wohl auch floristisch zu verfolgen lohnt. 
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Die oben durchgeführten Gegenüberstellungen sind natürlich nur als reiner Formenvergleich zu 
verstehen, ohne jede Absicht zu verwandtschaftlichen oder stratigraphischen Aussagen. Bei allen Ver- 
gleichen ist der endemische Charakter der Viviparen-Faunen zu beachten. Die genannten Viviparen der 
Inseln Kos und Rhodos dürften wohl dem Piacenz-Asti (Levantin im weiteren Sinne) angehören. Hin- 
sichtlich der Einstufung des Megalopolis-Profils können wir nach den bisher untersuchten Stichproben 
noch nichts beitragen, sondern nur auf die Angaben von Marinos & AnastopouLos hinweisen. 

Zahlreich im Schlämmrückstand enthalten sind Opercula mit exzentrischem Nucleus und multi- 
spiralen Umgängen; Zugehörigkeit: Bulimus (Bulimus) sp. (Taf. 23 Fig. 3,. 4). 

Die Bearbeitung der Ostracoden hat freundlicherweise Herr Dr. STIBANE (Gießen) übernommen. Es 
sind mehrere Gattungen vorhanden; zu den häufigen Vertretern gehören die Gattungen Ilyocypris 
(Taf. 23 Fig. 5) und Jugendformen von Candona (Taf. 23 Fig. 10—12) sowie andere, die bereits von Marinos 
& AnastopouLos (1959) erwähnt werden. 


Vorläufige Bestimmungen an Schalenresten erbrachten noch: Planorbis cristatus DRAPARNAUD 1805, Valvata gregaria 
und aff. skhiadika Bukowskı 1896, Limnaea cf. subpalustris TuHoMAE sowie Psidium amnicum MüLLer 1771. 


4. Pilanzengeographische Bemerkungen 


Das Florenbild von Megalopolis erscheint uns deshalb so interessant, weil es unseren Überblick 
pliozäner Vorkommen nach Süden um über 3 Breitengrade erweitert. Nehmen wir das eingehend von 
E. Nacy (1958) untersuchte und mit vielen Bildtafeln belegte Pliozän des Matra-Gebirges in unsere Liste 
der Vorkommen mit auf, so können wir nun auf dem Balkan eine Kette von pliozänen Fundpunkten 
zwischen 48° n. Br. bis fast 37° n. Br. abstecken, die nahezu 11 Breitengrade umfaßt: 

1. Matra-Gebirge (Nacy), etwa 48° n. Br. 

2. Kreka, N.-Bosnien, zwischen 44°—45° n. Br. 

3. Ptolemais, unter 41° n. Br. 

4. Megalopolis, über 37° n. Br. 


Der Fundpunkt 2 ist in der Arbeit von WEYLAND, PrLuc & Panrié 1958 behandelt, Fundpunkt 3 bei 
WeyLanp & Priuc 1957 und WEyLAnD, PrLuG & MueELLER 1960. Natürlich wurden auch die Ergebnisse 
aus den zahlreichen von anderen Autoren bearbeiteten Floren dieses Raumes hinzugezogen, soweit sie 
zum Vergleich geeignet schienen. Endgültige Schlußfolgerungen wagen wir noch nicht zu ziehen, aber 
einiges Neue können wir zu unseren früheren Vergleichen ergänzend hinzufügen. 

Hier ist zunächst die überraschende Übereinstimmung der Florenbilder von Ptolemais und Megalo- 
polis zu erwähnen. Sie betrifft offenbar nicht nur das Klimabild, sondern auch das Faziesbild. Die Unter- 
schiede zwischen beiden Lagern erscheinen kaum größer als z. B. diejenigen zwischen Ptolemais und 
dem benachbarten Vevi. Flora und Fauna sprechen für gleiches Alter und gleiche Bildungsbedingungen, 
wenigstens in einigen Horizonten. Wir beziehen uns bei dieser Betrachtung nur auf die pliozäne Becken- 
füllung. Erst die Untersuchungen eines längeren Profils von Megalopolis könnten zeigen, ob die wenig 
abweichenden Merkmale dieses Fundpunktes mit seiner südlicheren Lage zusammenhängen, so z.B. das 
stärkere Zurücktreten der Betula-Alnus-Gruppe und der Pinaceen, die buntere Mannigfaltigkeit mono- 
kotylen Pollens (darunter sicherlich mehrere Palmenarten) sowie myrtoiden und umbelliferoiden Pollens. 
Aber, wie gesagt, wenn überhaupt, so ist der erhebliche geographische Breitenunterschied zwischen 
beiden Punkten in den Florenbildern nur schwach spürbar. Auch wenn man die noch nördlicher ge- 
legenen Fundpunkte einbezieht, scheint eine ganze Reihe von Ähnlichkeiten bestehen zu bleiben. Wir 
stellen im Folgenden die gemeinsamen Züge in der balkanischen Fundpunktkette, soweit sie sich bis 
jetzt übersehen lassen, zusammen: 

Die Pilzspore R-Typus (Taf. 23, Fig. 21) findet sich in fast gleicher Ausbildung auch in Ptolemais, 
Kreka und Matra. Die uns bekannten mitteleuropäischen Verwandten scheinen etwas abweichend ge- 
staltet zu sein. Den Megalopolis-T-Typus (Taf. 23 Fig. 16, 18) gibt es ähnlich in Ptolemais. 
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Die piliferus-Gruppe (Nymphaeaceae) (Taf. 22 Fig. 9, 10) ist über die ganze Fundkette bis ins Matra- 
Gebirge vertreten, dort allerdings nicht mehr so häufig. Verwandte Formen kommen verstreut in 
Mitteleuropa vor. Ähnliches ist zu den Umbelliferen-Typen (Taf. 22 Fig. 21—23) zu sagen. 

Als Charakteristikum des gesamten Gebietes müssen die chenopodiaceoiden Periporopoll. multi- 
plex und Ptolemais-G-Typus gelten. Abweichende Vertreter werden auch vereinzelt in Mitteleuropa an- 
getroffen. Der Tricolporopoll. wallensenensis (Taf. 22 Fig. 24—26) kommt auch auf dem Nordbalkan und 
im mitteleuropäischen Pliozän vor. 

Compositoide Vertreter treten in unserer balkanischen Fundkette überall regelmäßig auf, in Mittel- 
europa aber meist nur als Einzelstücke. 

Gramineen-Pollen werden im Durchschnitt häufiger beobachtet als in Mitteleuropa, das gleiche gilt 
für die auf dem Balkan sehr formenreiche ligneolus-Gruppe. 

Jedoch sind auch Unterschiede innerhalb der balkanischen Fundpunktkette nicht zu übersehen: 

Die Florenbilder verändern sich innerhalb der Kette sukzessiv. Benachbarte Punkte sind sich in 
allen Merkmalen ähnlicher als entfernter liegende. Die Änderungen erfolgen außerdem innerhalb der 
Kette in gleichsinniger Weise. Schreiten wir von Süden nach Norden, so nimmt ab: der Reichtum an 
insektenblütigen Pollen, besonders aus der myrtoiden, compositoiden, umbelliferoiden Verwandtschaft, 
die Mannigfaltigkeit magnolioiden, nymphaeoiden und monocotyloiden Pollens (Palmae, Liliiflorae), 
die Fülle quercoider Typen als wichtigster Windblütler sowie lauraceoider und oleaceoider Formen und 
der merkwürdigen Ptolemais-X-Typen. 

Von Süden nach Norden nehmen zu: der Anteil windblütigen Pollens, besonders aus den Gruppen 
Betulaceae (I), Ulmaceae, Juglandaceae; ferner perisporlose Polypodiaceae (haardti-Typus) (I), Pteris- 
Typen (I) und osmundoide Formen (I), geflügelte Pinaceae (I), Tsuga (I), ungeflügelte Koniferen vom 
Larix (I)-, Taxodium-, Sequoia-Typus, castaneoider (I), nyssoider, tilioider Pollen, Ericaceen-Tetraden (I) 
und schließlich der Anteil isolierter Stomata unter den Nichtpollen-Elementen nach Art der Abbil- 
dungen bei WEYLAND, PrLuG & Panrid, Taf. 14 Fig. 1—3, Nacy, Taf. 28 Fig. 1, 2. 

Die mit (I) versehenen Gruppen spielen sogar noch im isländischen Pliozän (Tjörnes, zwischen 65° 
und 66° n.Br.) eine wichtige Rolle (ScHwarzBacH & PrLuc 1957). 


Ill. Zusammenfassung 


Die Ergebnisse bestätigen, was uns schon bei der Untersuchung von Ptolemais aufgefallen war: Der 
Klimaabfall in Griechenland von Süden nach Norden ist heute weit stärker, als er zur Zeit des Pliozäns 
war, jedenfalls auf dem Meridianstück 65°—37° n.Br., und dieses entspricht bald einem Drittel der 
Strecke zwischen Äquator und Pol. Auch das Florenbild von Megalopolis läßt weder in der Makro- 
noch in der Mikroflora tropische Züge erkennen und zeigt auch keine Verwandtschaft zu den heutigen 
nordafrikanischen Pollenformen, wie sie neuerdings von M. van Campo (ab 1957) meisterhaft bearbeitet 
werden. Als neue Arten werden Nelumbo megalopolitana n.sp. und Aldrovandia megalopolitana n. sp. 
beschrieben. Auf zwei Viviparus-Funde wird hingewiesen. 
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V. Tafelerklarungen 


Die Aufnahmen der Tafeln 17—21 (außer Taf. 18 Fig. 1—9) sowie der Textabb. 4 verdanken wir Herrn Dr. 
W. BERENDT in Wuppertal-Elberfeld. 
Alle Tafelfiguren mit Ausnahme der mit R (rezent) bezeichneten stammen aus der Braunkohle von Megalopolis. 


Tafel 17 
Fig. 1 Potamogeton sp., 37/1. 
Fig. 2 Potamogeton sp., 37/1. 
Fig. 3, 4. Fruchtreste von Cyperaceen (? Carex), Utriculi der Fruchthülle, 37/1. 
INR 13), Zellen der Utriculi der Fig. 3, 4, etwa 400/1. 
Fig. 6—8. Najas marina L., Samenschalen, 13,5/1. 
Fig. 9. Brasenia sp., Samen, 37/1. 
Fig. 10. Batrachium sp., Friichte, 37/1. 
Fig. 11. Batrachium sp., Fruchthaut, 42/1. 
Fig. 12—14. VergroBerungen aus Fig. 11; 12 120/1, 13, 14 300/1. 
Tafel 18 
Fig. 1. Epidermis einer Graminee oder Cyperacee, etwa 400/1. 
Fig. 2. Desgleichen, mit Papillen, etwa 400/1. 
Fig. 3, 4. Epidermen von Carex-Arten mit Papillen, etwa 400/1. 
Fig. 5. Desgleichen, einzelne Papillen vom Rand einer Wurzel, etwa 500/1. 
Fig. 6. Monocotylen-Epidermis (? Phragmites, ? Eriophorum, ? Typha), etwa 400/1. 
EE: Gefäßbündelzone aus einem breiteren Monocotylen-Blatt, etwa 400/1. 
Fig. 8. Isodiametrische Zellen eines subepidermalen Gewebes, etwa 400/1. 
Fig. 9. Isolierte Gewebe aus spindelförmigen Zellen mit stark verdickten Wänden, etwa 400/1 (vgl. Taf. 1 Fig. 5). 


Fig. 10,11. Aldrovandia megalopolitana n. sp.; 10 zwei Samen mit kragenförmigem Nabel, rechts Außenseite, links auf- 
gebrochen mit hohlem Innenraum und dicker Testa, 37/1, 11 Wandung des Innenraumes mit senkrecht zur 
Längsachse gestreckten Zellen, 65/1. 


Tafel 19 
Fig. 1. Ranunculus sp., Frucht, etwa 20/1. 
Fig. 2. Ranunculus sp., Samenhaut, 42/1. 
Fig. 3. Vergrößerung des Randes von Fig. 2, 120/1. 


Fig. 4,5. Batrachium sp. wie Taf. 1 Fig. 12—14; 4 120/1, 5 300/1. 
Fig. 6. Nelumbo megalopolitana n.sp., drei Tori des Fruchtstandes auf einem Bohrkern, 2/1. 


Fig. 7. 
Fig. 8. 
Fig. 9. 
Fig. 10. 

Bis-Rl1. 


Fig. 1. 
Fig. 2. 
Fig. R3. 
Fig. 4. 
Fig. 5—8. 


Fig. 1—5. 


Fig. 6—11. 


Fig. 1. 


1 Pay 
Fig. 4, 5. 
Fig. 6—8. 
Fig. 9, 10. 
Fig. 11—13. 
Fig. 14—17. 
Fig. 18. 
Fig. 19, 20. 
Fig. 21—23. 
Fig. 24—26. 
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Desgleichen, Abdrücke von Einzelfrüchtchen auf einem Torus der Fig. 6, etwa 10/1. 
Nymphaea sp., Samen, 37/1. 

Nymphaea sp., Samenhaut, 37/1. 

Desgleichen, Zellen der Samenhaut, 100/1 (vgl. Taf. 4 Fig. 1). 

Nymphaea stellata WıLLo., rezent, Zellen der Samenhaut, 250/1. 


Tafel 20 
Nymphaea sp., Einzelzellen der Samenhaut, Vergrößerung von Taf. 3 Fig. 10, 500/1. 
Nelumbo megalopolitana n.sp., Zellen aus der Randnähe eines Torus, 120/1. 
Nelumbo nucifera Gärrn., rezent, Zellen aus der Randnähe eines Torus, 500/1 (zum Vergleich mit Fig. 2). 
Rubus sp., Samen, 37/1. 
Quercus cf. Cerris L., Holz. 5, 6 Querschnitte durch das ringporige Holz, 35/1, Jahresringe teils deutlich (5), 


"teils völlig verwischt (6), breite und schmale Markstrahlen, diese bei 5 an der Jahresringgrenze kegelartig 


eingezogen; 7, 8 Tangentialschnitte, 40/1, Markstrahlen meist schmal, einreihig, zum Teil breit und von Faser- 
bündeln des Grundgewebes und einreihigen Markstrahlen durchzogen, bei 7 mit weitlumigen unterteilten 
Gefäßen. 


Tafel 21 


Quercus cf. Cerris L. 1 Tangentialschnitt wie Taf. 4 Fig. 7, 8, schmale und breite Markstrahlen, letztere von 
Strängen des Grundgewebes und einreihigen Markstrahlen durchzogen, 120/1; dgl. 300/1; Markstrahlen mit 
getüpfelten Wänden, in der Mitte oben auch Tüpfel eines GefaBes; 3—5 Radialschnitte, 3 oben: Gefäßteil mit 
Tüpfeln, unten: Markstrahlen mit Tüpfeln, 300/1; 4, 5 Markstrahlen mit Tüpfeln, 4 300/1, 5 500/1. 

Castanea sativa MırL., Holz. 6 Querschnitt durch das ringporige Holz, mit großen, zum Teil zu zweien schräg 
aufeinanderliegenden Frühjahrsgefäßen; Markstrahlen einheitlich schmal, 35/1; 7, 8 Tangentialschnitte, 7 mit 
Markstrahlen und unterteilten Gefäßen mit getüpfelten Wänden, 100/1, 8 einreihige Markstrahlen mit Faser- 
tracheiden, 250/1; 9—11 Radialschnitte, 9, 10 mit getüpfelten Gefäßwänden, 11 mit Tüpfeln der Markstrahlen, 
etwa 400/1. 


Tafel 22 
(Vergrößerung 1000/1) 


Polypodiaceae: Reticuloidosporites (Polypodiisporites R. Por. 1956) Tu. & Pr. 1953 aus der Verwandtschaft 
favus R. Por. 1931 (S. 108). 

Compositae: Tricolporopollenites kozaniensis WLp. & Pr. 1960 (S. 111). 
Compositae: Tricolporopoll. Megalopolis-A-Typus (S. 111). 

Nymphaeaceae? Hydrocharitaceae?: Monocolpopoll. Megalopolis-V-Typus (S. 110). 
Nymphaeaceae?: Monocolpopoll. piliferus WLp. & Pr. 1960 (S. 110). 
Halorrhagaceae: Megalopolis-G-Typus (S. 111). 

Gramineae: Monoporopoll. Ptolemais-F-Typus (S. 109). 

Betula: Trivestibulopoll. betuloides Pr. 1953 (S. 109). 

Quercus: Tricolpopoll. cf. asper Pr. 1953 (S. 109). 

Umbelliferae: Tricolporopoll. Megalopolis-C-Typus (S. 111). 

Vitaceae: Tricolporopoll. wallensenensis Tu. & Pr. 1953 (S. 110). 


Fig. 27, 28, 39,54: Chenopodiaceae?: Periporopoll. multiplex Wup. & Pr. 1957, Form Ptolemais-G-Typus (S. 109). 


Fig. 29—37. 
Fig. 38, 40. 
Fig. 39. 
Fig. 40. 


Compositae: Tricolporopoll. Megalopolis-B-Typus (S. 112). 
Magnoliaceae?: Monocolpopoll. Megalopolis-K-Typus (S. 110). 
Siehe Fig. 27, 28. 

Siehe Fig. 38. 


Fig. 41—43, 48—51. Quercus: Tricolporopoll. porasper Tu. & Pr. 1953 (S. 109). 


Fig. 44, 45. 
Fig. 46, 47. 
lanes Gye 55: 
Fig. 53. 
Fig. 54. 
Fig. 55. 


Cupuliferae?: Tricolporopoll. Megalopolis-E-Typus (S. 109). 


Magnoliaceae?: Monocolpopoll. Megalopolis-L-Typus (S. 110). 


aff. Ptolemais-X-Typus (S. 112). 

Megalopolis-P-Typus (S. 112) (siehe unter Megalopolis-M-Typus). 
Siehe Fig. 27, 28. 

Siehe Fig. 52. 


Fig. 56—58, 60. Fagus: Tricolporopoll. fagoides KRUTZSCH 1954 (S. 109). 


Fig. 59, 61. 


Monocolpopoll. aff. Ptolemais-U-Typus (S. 112). 
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Tafel 23 
(Vergrößerung, wenn nicht anders vermerkt, 1000/1) 
Fig. 1. Pilzspore Megalopolis-M-Typus (S. 112). 
Fig. 2,13. Pilzspore Megalopolis-N-Typus (S. 112). 
Fig. 3, 4. Gastropoda: Operculum von Bulimus (Bulimus) sp. (35/1) (S. 115). 


Fig. 5. Ostracoda: Ilyocypris sp. (35/1) (S. 115). 

Fig.6,7,9. Viviparus sp. (2/1) (S. 113). 

Fig. 8. Charophyta: Tectochara meriani diluviana (nach MApLER), 35/1 (S. 113). 

Fig. 9. Siehe Fig. 7. 

Fig. 10—12. Ostracoda: Candona sp., Jugendformen, Fig. 11, 13 außen, Fig. 12 innen (35/1) (S. 115). 
Fig. 14. Megalopolis-S-Typus (S. 113). 


Fig. 15,19. Harzkörner (S. 113). 
Fig. 16,18. Pilzreste? Megalopolis-T-Typus (S. 113). 


Ge Sklerotien Megalopolis-V-Typus (S. 113). 
Fig. 18. Siehe Fig. 16. 
Fig. 19. Siehe Fig. 15. 


Fig. 20. Pilzspore Megalopolis-R-Typus (S. 112). 
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WITH PLATES 24—26, 1 FIGURE AND 2 TABLES, ONE IN TEXT AND 1 FOLDOUT 


Introduction 


The Atlantic Coastal Plain is underlain by a wedge of sediments thickening to the east or south- 
east, and ranging in age from Early Cretaceous to Quaternary. The basal deposits overlying crystalline 
rocks of Early Paleozoic and pre-Cambrian age were generally laid down in a nonmarine environment. 
Among these nonmarine sediments are those of the Tuscaloosa, Raritan and Magothy formations. 

The age of the Tuscaloosa, Raritan and Magothy formations has been determined mainly on the 
basis of plant megafossils which occur in abundance in a rather limited number of localities. Some ques- 
tions relative to the age of these formations still remain, however. Therefore, the writers decided to 
study the plant microfossils with the primary purpose of providing data on the basis of which age 
assignments can be made. In addition, an effort was made to determine, as far as possible, the botanical 
affinity of the most important species found, and to make some inferences regarding environmental 
conditions prevailing at the time of deposition of the formations. In view of the primary purpose of this 
paper, we considered it unnecessary to include complete synonymies for the species described in the 
systematic section. 

The writers realize that the study of a small number of samples obtained from these formations 
covering large areas cannot give a final answer to all stratigraphic questions; rather, this investigation 
is considered the starting point for more detailed studies. Nevertheless, the results obtained so far seem 
to justify some tentative conclusions, which happen to be in agreement with those obtained by Dorr 
(1952) on the basis of his review of paleobotanical evidence. 

All slides and sources of original types are deposited in the office of the Geology Department, 
University of Delaware, Newark, Delaware. 

Joan J. Groor and CATHARINA R. Groor studied the slides and are responsible for establishing type 
species and age assignments. Joun S. Penny investigated the botanical affinity of the most important 
components of the microflora and interpreted environmental conditions. 

We are indebted to Horace G. Ricuarps, Academy of Natural Sciences of Philadelphia, Pennsylvania, 
S. Duncan Heron of Duke University, Durham, North Carolina, and Wınne McCramery of the Alabama 
Geological Survey, Tuscaloosa, Alabama, for their aid in collecting samples for this investigation. THoMas 
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Previous Investigations 


Only one paper dealing with Cretaceous plant microfossils of the Atlantic Coastal Plain has been 
published so far (Groor and Penny 1960). It was concluded that sediments mapped as the formations of 
the Potomac group and the Raritan formation in Maryland and Delaware are both Lower and lower- 
most Upper Cretaceous. The stratigraphically uppermost sediments, presumably belonging to the Raritan 
formation, were described as being of pre-Senonian, probably of Cenomanian age. It was pointed out 
that this conclusion is in general agreement with that based on the study of plant megafossils (BERRY 
1911, 1916; Dorr 1952) and in disagreement with that of SPANGLER and PETERSON (1950). 

A detailed review of Cretaceous stratigraphy and paleobotany of the Coastal Plain was recently 
presented by Dorr (1952). He concluded that the Raritan formation of New Jersey, Delaware and Mary- 
land ranges from Cenomanian to lower Turonian. Dorr disagreed with SpaANGLER and PETERSON (1950) 
who correlated the Raritan of New Jersey with the Potomac group and the “Raritan” of Delaware and 
Maryland, thereby implying that part of the Raritan of New Jersey is of Early Cretaceous age. 

Some difference of opinion exists also with regard to the age of the Magothy formation. BERRY 
(1916) correlated it with the Turonian of Europe, SPANGLER and Peterson (1950) with the lower Senonian, 
and Dorr (1952) concluded that it ranges from upper Turonian to lower Senonian. 

The megaflora of the Tuscaloosa (or Middendorf) formation of South Carolina has many species in 
common with the Magothy formation, according to Dorr (1952). The flora of the Tuscaloosa of Alabama, 
however, which was described by Berry (1919), appears to be comparable to that of the Raritan for- 
mation of New Jersey, and is considered Cenomanian in age. 


Sample Localities 


About one hundred samples were collected in the States of the Atlantic Coastal Plain and in 
Alabama. Only those samples which proved to be very fossiliferous are described in the present study. 
Fossiliferous samples were obtained at the following localities shown in figure 1: 
1. Abandoned pit of the Herbert Sand Company, S.E. of Milltown, New Jersey, along west side 
of the New Jersey Turnpike. Raritan Fire Clay member of the Raritan formation. Sample 50019. 
2. Clay Bank No. 1, Sayre and Fisher Company, Sayreville, New Jersey. Woodbridge Clay member 
of the Raritan formation. Samples 50031 and 50033. 
3. Karney tract of the Sayre and Fisher Company, Sayreville, New Jersey. South Amboy Fire 
Clay member of the Raritan formation. Samples 50027 and 50028. 
4. Lockhart Sand pit, East Riverton, New J ersey. Raritan—Magothy, undifferentiated. Samples 
50039 and 50040. 
5. Cliffwood Beach, New Jersey. Magothy formation. Samples 50035 and 50036. 
6. Chesapeake and Delaware Canal, South bank, at Bethel, Maryland. Magothy formation. Sample 
40100. 
7. Chesapeake and Delaware Canal, South bank, below new Summit Bridge, Delaware. Magothy 
formation. Samples 40063 and 40064. 
8. Murdocksville, North Carolina, along Route N.C. 211. Tuscaloosa formation. Sample 50092. 
9. Near Spring Lake, Cumberland County, North Carolina, along Route N.C. 210. Tuscaloosa for- 
mation. Sample 50004. 
10. Cheraw, South Carolina, along Route U.S. 1. Tuscaloosa formation. Samples 50342 and 50343. 
11. Ruby Quarry, Western Brooker Company, between Macon and Milledgeville, Georgia. Tusca- 
loosa formation. Samples 50078 and 50079. 
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12. Snow Plantation, about 6 miles West of Tuscaloosa, Alabama. S.W. 1/4 Sec. 28, T. 21S, R. 11 W. 
Eoline member of the Tuscaloosa formation. Samples 50055 to 50058, inclusive. 


13. Coker, Alabama, along Route 82. N 1/2 N.W., 1/4 Sec. 10, T. 21'S, R. 11 W. Coker member of 
the Tuscaloosa formation. Sample 50069. 


Some remarks with regard to the stratigraphic position of the samples within the Tuscaloosa and 
Raritan formations may be helpful. 


— 124 — 


The Tuscaloosa formation of Alabama has been divided into several members. They are, from the 
stratigraphically lowest to the highest: the Cottendale, Eoline, Coker and Gordo members. Samples were 
obtained from the Eoline and the Coker; the Eoline member yielded an excellent microflora at the same 
locality from which Berry (1919) collected many plant megafossils. 

The Raritan formation of northern New Jersey consists of the following members: the Raritan Fire 
Clay, the Farrington Sand, the Woodbridge Clay, the Sayreville Sand, the South Amboy Fire Clay, the 
Old Bridge Sand and the Amboy Stoneware Clay. All clay members were sampled except the upper- 
most, the Amboy Stoneware Clay, owing to the lack of a suitable exposure. The Woodbridge Clay has 
not only yielded plant fossils, but also some brackish and marine invertebrates suggesting a Cenomanian 
age (RıcHArps 1943). 

In some localities the lithology of the Raritan and Magothy formations is so similar that the two 
cannot be differentiated. This is the case at the East Riverton locality (New Jersey). 

Some samples from the Tuscaloosa formation of the Atlantic Coastal Plain were collected from basal 
beds. For instance, the samples obtained at the Ruby Quarry in Georgia were only about 15 feet above 
the crystalline basement. Sample 50092, collected at Murdocksville, North Carolina, which is located 
close to the Fall Zone, was also obtained from a basal Tuscaloosa bed. 


Characteristic Plant Microfossils 


Fern spores occur relatively infrequently in the Upper Cretaceous microflora of the formations 
investigated, whereas they are usually abundant in the Lower Cretaceous. Their most frequent occur- 
rence, however, is in the Tuscaloosa formation of Alabama in which Cyathidites minor is particularly 
common. Other spores which have been found in several samples are Cicatricosisporites dorogensis and 
Appendicisporites tricornitatus, which probably belong to the Schizaeaceae. These spores occur mostly 
in the Raritan and Tuscaloosa formations. Alsophilidites kerguelensis is common in the majority of the 
samples investigated. It should be noted that Trilobosporites apiverrucatus, which is common in the Lower 
Cretaceous (Groot and Penny 1960), is entirely absent in the Upper Cretaceous deposits. 

Winged conifer pollen are present in small percentages in nearly all samples, except in sample 50040, 
in which they constitute the dominant part of the microflora. The grains are usually damaged and it is 
therefore often very difficult, if not impossible, to determine the distribution of the species which have 
been recognized mainly in sample 50040. Abietineaepollenites grandialatus appears to be the most fre- 
quently occurring species. It is undoubtedly related to the modern Pinus. Of less frequent occurrence, 
but no less interesting, is Abietineaepollenites ornatus with its peculiar “frilly” body; it is of unknown 
affinity. A few grains of Dacrydiumpollenites were found, and also a species of Phyllocladidites. With 
the exception of Dacrydiumpollenites, none of the coniferous species appear to have a very restricted 
stratigraphic range. 

Other gymnosperm pollen that have been found include a few grains of Sequoiapollenites and 
Tsugaepollenites. Inaperturopollenites hiatus, which probably belongs to the Cupressaceae or Taxodia- 
ceae, is fairly common in most samples. A species that may belong to the Araucariaceae is Inaperturo- 
pollenites atlanticus which is common in some Tuscaloosa samples. Inaperturopollenites dubius is of 
unknown affinity, but most likely belongs to one or more Conifer genera (THomson and Priuc 1953). 

Grains having the morphological characteristics of Cycad or Ginkgo pollen are present in very small 
number in several samples. Monocolpate grains of monocotyledonous origin are represented by Lilia- 
cidites variegatus which is common in the Tuscaloosa of North and South Carolina and the Magothy 
formation; this species has not been found so far in the Raritan formation and the Tuscaloosa of Alabama 
and Georgia. 
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Sphagnumsporites psilatus 
Lycopodiumsporites clavatoides 
Todisporites ? sp. 
Appendicisporites tricornitatus 
Cicatricosisporites dorogensis 
Cyathidites minor 
Alsophilidites kerguelensis 
Concavisporites sp. 


Monosulcites minimus 
Dacrydiumpollenites rarus 
Phyllocladidites ? sp. 
Inaperturopollenites dubius 
Inaperturopollenites hiatus 
Inaperturopollenites rugosus 
Inaperturopollenites atlanticus 
Sequoiapollenites sp. 


Abietineaepollenites grandialatus 


Abietineaepollenites microreticulatus 


Abietineaepollenites microsaccus 
Abietineaepollenites ornatus 


Tsugaepollenites sp. 


Tricolpopollenites parvulus 
Tricolpopollenites virgeus 
Tricolporopollenites subtilis 
Tricolporopollenites orbiculatus 
Tricolporopollenites triangulus 
Tricolporopollenites inaequalis 
Tricolpopollenites micromunus 
Tricolpopollenites retiformis 
Latipollis normis 
Tricolpopollenites debilis 
Tricolpopollenites simplicissimus 
Tricolpopollenites crassimurus 
Tricolpopollenites pumilis 
Tricolpopollenites micropunctatus 
Tricolpopollenites platyreticulatus 
Tricolpopollenites tenuiformis 
Tricolporopollenites globularis 
Tricolporopollenites distinctus 
Tricolporopollenites fortis 
Triporopollenites sp. 3 
Plicapollis magnus 

Plicapollis vulgatus 
Triporopollenites sp. 4 
Liliacidites variegatus 
Tricolpopollenites extraneus 
Tricolporopollenites planus 
Tricolporopollenites insolitus 
Tricolporopollenites bimurus 
Turonipollis americanus 
Plicapollis serta 
Sporopollis laque formis 
Vacuopollis sp. 1 
Triporopollenites sp. 1 
Triporopollenites sp. 2 
Quedlinburgipollis minimus 
Vacuopollis sp. 2 
Trudopollis conrector 
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Dicotyledonous plants are represented by a relatively great number of species. Tricolpate and 
tricolporate pollen predominate in all samples, but in the Tuscaloosa formation of the Atlantic Coastal 
Plain, and particularly in the Magothy formation, the frequency of triporate pollen increases markedly. 
The latter are generally similar to some of the “Dreieckpollen” described from the Senonian of Europe 
by WEyLAND and KRIEGER (1953). 

The most frequently occurring angiospermous species are Tricolpopollenites parvulus, which is 
particularly common in the Raritan and Tuscaloosa formation of Alabama, and Tricolpopollenites reti- 
formis which has morphological similarities to pollen of modern Platanus and Hamamelis. Tricolpate 
pollen with clavate-reticulate ornamentation are, in general, widely distributed; in addition to Tricolpo- 
pollenites retiformis, T. micromunus and T. ornatus should be mentioned in this respect. 

Among the tricolporate pollen, Tricolporopollenites distinctus, T. subtilis and T. triangulus are com- 
mon. T. distinctus occurs in the Raritan and Tuscaloosa, but has not been found in the Magothy for- 
mation so far. 

Triporate pollen are undoubtedly of the greatest stratigraphic significance in the deposits investi- 
gated. Except for a questionable occurrence of Latipollis normis, no triporate grains were found in the 
lower part of the Raritan. A few specimens of Plicapollis vulgatus and P. magnus begin to appear in 
the upper part of the Raritan, that is, in the South Amboy Fire Clay. It is, however, only in the Tusca- 
loosa formation of the Atlantic Coastal Plain, and particularly in the Magothy formation, that triporate 
pollen become common. The most frequently occurring species are Turonipollis americanus, Latipollis 
normis, Plicapollis serta and P. vulgatus. Also of interest are Quedlinburgipollis minimus and Trudopollis 
conrector which appear to be restricted to the Magothy formation. 

It should be noted that the Tuscaloosa formation of Alabama is barren of triporate pollen, excepting 
Latipollis normis; in this respect it is very similar to the lower part of the Raritan formation (Raritan 
Fire Clay and Woodbridge Clay). 

The distribution of all species is shown in table 1. 


Age of the Formations 


Studies by WeyLanp and GRrEIFELD (1953), WeyLanp and Kriecer (1953), Krurzscu (1956, 1957) and 
others have clearly shown that rapid diversification of pollen of angiosperm plants is characteristic of 
Late Cretaceous time. This trend can also be demonstrated in the area and stratigraphic interval dis- 
cussed in the present paper, as is shown in table 2. 


Table 2. Distribution of Number of Species in the Raritan, Tuscaloosa and Magothy Formations. 


Number of Species 


Tricolpate and 5 Total 
Triporate : 
Formation ee and Gyımnosperm | Monoeot: Tricolporate a Angiosperm 
Fern Allies Pollen Pollen Pollen Pollen 
Tuscaloosa, Alabama . . . . 5 4 — 14 1 15 
Eee ne RENE Le Le. | 4 | 8 — 16 4 20 
Tuscaloosa of Atlantic 3 9 1 18 8 27 
Coastal@P laine. nun en 
IMAcOth vane ena nse | 6 | 12 1 18 12 31 


à | 7 
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If the number of species of angiosperm pollen were considered a measure of the relative age of the 
Upper Cretaceous deposits, the Tuscaloosa formation of Alabama would be the oldest one, followed by 
the Raritan, the Tuscaloosa of the Atlantic Coastal Plain and the Magothy formation. Also, in view of 
the fact that plants producing triporate pollen developed rapidly during the Upper Cretaceous, the 
relative number of triporate species may be taken as a guide, and the same conclusion would be reached. 

We realize that ecological factors also play a part and that relative age assignments cannot be made 
solely on the basis of the information contained in table 2. Therefore we should discuss the distribution 
of those species that appear to have stratigraphic ‘significance. 

Fern spores and gymnosperm pollen appear to have little or no stratigraphic significance with regard 
to the formations discussed, except the absence of Trilobosporites apiverrucatus. The distribution of 
certain angiosperm species is of greater significance, however, especially the occurrence of some triporate 
forms. 

It should be noted that Liliacidites variegatus is restricted to the Tuscaloosa formation of North and 
South Carolina, and the Magothy formation, in which it is common. Tricolpopollenites extraneus has 
been found primarily in the Magothy formation, although a few specimens have been noted in the 
Tuscaloosa formation of South Carolina. Tricolporopollenites distinctus occurs in the Raritan and Tusca- 
loosa, but has not been found in the Magothy formation. 

Few species of triporate pollen are apparently long ranging, for instance, Latipollis normis. Most 
species are either restricted to the Magothy formation, or they occur in the Magothy and Tuscaloosa of 
the Atlantic Coastal Plain, but not in the Tuscaloosa formation of Alabama. 

Restricted to the Magothy formation are, for instance, Triporopollenites sp. 2, Quedlinburgipollis 
minimus, and Trudopollis conrector. Turonipollis americanus and Sporopollis laqueaeformis are fairly 
common in the Tuscaloosa of the Atlantic Coastal Plain as well as the Magothy formation. Plicapollis 
vulgatus and Plicapollis magnus have also been found in the upper part of the Raritan, that is, in the 
South Amboy Fire Clay. Plicapollis serta has only been found in the Tuscaloosa formation of the Atlantic 
Coastal Plain. 

On the basis of the number and distribution of angiosperm species, the following tentative con- 
clusions seem warranted: 

1. The lower part of the Raritan formation, that is the Raritan Fire Clay and the Woodbridge 
Clay, is of the same age as the lower part of the Tuscaloosa formation of Alabama. 

2. The upper part of the Raritan, that is the South Amboy Fire Clay, has already a few triporate 
species in common with the Magothy formation, suggesting that there was no great time inter- 
val between upper Raritan and Magothy deposition. 

3. The Magothy formation is the youngest of the formations discussed, but it does not differ 
greatly in age from, and overlaps (in time) the Tuscaloosa formation of the Atlantic Coastal 
Plain. 

Some species found in the deposits of the Atlantic Coastal Plain have been described from the 
Upper Cretaceous of Germany; two species which are common in the Magothy formation, Sporopollis 
laqueformis and Trudopollis conrector were found in lower Senonian material from Quedlinburg, Ger- 
many, collected by Dr. K. Stoyz, Quedlinburg, and sent to the senior author by Dr. H. Weyann. Plica- 
pollis serta was reported by Priuc (1953) from the middle Senonian of Aachen, Germany. Turonipollis 
americanus, which is very similar to Turonipollis turonis described by Krurzscu (1959), indicates a 
Turonian age, although Krurzscu expressed the opinion that Turonipollis may have occurred already in 
the upper part of the Cenomanian. 

In view of the occurrenee of the species mentioned above we may draw the following conclusions: 

1. The lower part of the Tuscaloosa formation of Alabama and the lower part of the Raritan 
(Raritan Fire Clay, Woodbridge Clay) are probably Cenomanian in age, because they lack typical 
Turonian and Senonian species, except Latipollis normis. 
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2. The upper part of the Raritan deposits (South Amboy Fire Clay) containing two species of 
Plicapollis, and nine other dicotyledonous species not found in the lower Raritan, is probably 
of Turonian age. 

3. The Magothy formation ranges from Turonian to early Senonian age, and the Tuscaloosa for- 
mation of the Atlantic Coastal Plain is perhaps slightly older, although some Senonian species 
(Sporopollis laqueaeformis, Plicapollis serta) are present in it. 

These findings fully support Dorr’s interpretation (Dorr 1952) based on his analysis of plant mega- 


fossils. There is no indication that any part of the Raritan of New Jersey, at least in outcrop, is of 
Early Cretaceous age. 


Some Remarks Pertaining to Environmental Conditions 


Of the thirty-nine species of angiosperm pollen described, about half have undiscovered affinities 
with genera, or even families, of modern forms. Many of the unidentified tricolpate and tricolporate 
grains are generalized types displaying varying degrees of similarities to the pollen of numerous genera 
of modern dicotyledonous plants. While generic designations of Ilex and Quercus have been attempted, 
most of the tentatively identified grains have been given only the broadest suggestions as to Family 
affiliations. Thus the present palynological data are insufficient for paleofloristic studies. 

The Family assemblages tentatively recognized (Liliaceae, Flacourtiaceae, Aquifoliaceae, Sapinda- 
ceae, Rhamnaceae, Symplocaceae, Labiatae, Hamamelidaceae, Myrtaceae, Araliaceae, Salicaceae, Betula- 
ceae, Fagaceae) offer no basis for disputing the environmental conditions (warm temperate rain forest) 
postulated by Berry (1916) as prevailing during Cenomanian-Turonian times. However, the occurrence 
and distribution of triporate pollen is a noteworthy feature that deserves brief comment. Fourteen 
species of triporate grains have been recorded. The botanical affinities of most of these are unknown, 
but a survey of the modern flora shows that the occurrence of genera having triporate pollen is restricted 
to about twenty-nine families: 


Alangiaceae Icacinaceae Proteaceae 
Apocynaceae Juglandaceae Rubiaceae 
Balanophoraceae Lissocarpaceae Santalaceae 
Betulaceae Loganiaceae Sapindaceae 
Bombacaceae Malvaceae Siphonodontaceae 
Campanulaceae Medusagynaceae Sterculiaceae 
Casuarinaceae Moraceae Tiliaceae 
Cucurbitaceae Myricaceae Ulmaceae 
Dipsacaceae Olacaceae Urticaceae 
Haloragaceae Onagraceae 


It will be noted that these are familes with predominantly tropical (largely pantropical) distribution. 
We might suggest, therefore, that during Magothy time climatic conditions were probably subtropical or 
tropical at the site of deposition. 


Systematic Descriptions 


Family Sphagnaceae 
Genus Sphagnumsporites Raatz 1937 
Sphagnumsporites psilatus (Ross) Couper 1958 
Plate 24, fig. 1 
Description: Trilete; laesurae not reaching equator, open near pole, closed toward equator; equato- 
rial contour triangular, strongly convex; exine psilate, 1.5 « thick; size about 25 w. 
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Illustrated specimen: Slide 40063, grain 39, 113.0 X 22.7; Magothy formation. 
Remarks: Although the specimens found are slightly smaller than those described by Couper (1958), 


they are similar in all other respects. 
Lycopodiales 


Family Lycopodiaceae 
Genus Lycopodiumsporites THIERGART 1938 
Lycopodiumsporites clavatoides Courer 1958 
Plate 24, figs. 2, 3, 4 
Description: Trilete; equatorial contour rounded-triangular; coarsely reticulate with an 8 « mesh, 
ridges 4—5 u high and 1 u thick; size about 33 u. 
Illustrated specimen: Slide 40063, grain 135, 108.8 X 15.0; Magothy formation. 
Remarks: This specimen appears to be identical with the one described by Courer (1958) and Groor 
and Penny (1960). 
Filicales 


Family Osmundaceae? 
Genus Todisporites Couper 1958 
Todisporites? sp. 
Plate 24, fig. 5 

Description: Trilete; laesurae rather short, straight and clearly defined; equatorial contour circular; 
exine psilate, about 1 u thick; size about 30 u. 

Illustrated specimen: Slide 50069-S, grain 74, 112.2 X 14.8; Tuscaloosa formation. 

Remarks: Only a few grains of this species were found and therefore the writers are not quite cer- 
tain that this spore belongs to the 'genus Todisporites. 


Family Schizaeaceae 
Genus Appendicisporites WEYLAND and KRIEGER 1953 
Appendicisporites tricornitatus WEYLAND and GREIFELD 1953 
Plate 24, figs. 6, 7 

Description: Trilete; laesurae straight and long; equatorial contour triangular, slightly convex; exine 
striate with ridges about 2 « wide and about 3 « apart; apical projections approximately 6 « high; size 
about 45 u. 

Illustrated specimen: Slide 50055, grain 28, 114.0 X 22.5; Tuscaloosa formation. 


Genus Cicatricosisporites R. PoTonıE and GELLETICH 1933 
Cicatricosisporites dorogensis R. PoToNIE and GELLETICH 1933 
Plate 24, fig. 8 

Description: Trilete; laesurae long and straight; equatorial contour triangular, slightly convex; exine 
striate, with numerous ridges about 2 « high and 1.5 to 2 « apart, forming a “crisscross” pattern; exine 
thickness 1.5 to 2 u; size about 40 u. 

Illustrated specimen: Slide 50078-Z, 108.4 X 20.0; Tuscaloosa formation. 

Remarks: C. dorogensis is the most common spore found in the samples investigated. 


Family Cyatheaceae or Dicksoniaceae 
Genus Cyathidites Couper 1953 
Cyathidites minor Couper 1953 
Plate 24, fig. 9 
Description: Trilete; laesurae rather short, about two-thirds of diameter of grain, straight, well- 
defined; equatorial contour triangular, slightly concave, with broadly rounded apices; exine psilate, 1 u 
thick; size 40 to 50 u. 
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Illustrated specimen: Slide 50055, grain 55, 103.2 X 20.7; Tuscaloosa formation. 
Remarks: Couper (1958, p. 139) stated the opinion that many grains recorded as C. minor almost 
certainly belong to cyatheaceous and dicksoniaceous ferns such as Coniopteris hymenophylloides, Ebo- 


racia lobifolia and Dicksonia mariopteris. C. minor is common in the Tuscaloosa formation, particularly 
in Alabama. 


Family Cyatheaceae 
Genus Alsophilidites Cooxson 1947 
Alsophilidites kerguelensis Cooxson 1947 
Plate 24, fig. 10 

Description: Trilete; laesurae long, reaching equator; equatorial contour triangular with broadly 
rounded apices; exine psilate, about 1.3 « thick; size about 45 u. 

Illustrated specimen: Slide 50078-Z, grain 175, 100.0 X 22.1; Tuscaloosa formation. 

Remarks: Most grains of A. kerguelensis are 40 to 50 u in diameter, but there seems to be a great 
range in size. A few specimens as small as 25 « were found; they have the same morphological charac- 
teristics as the larger grains, however. 

This species is nearly as common as Cicatricosisporites dorogensis; it has as yet not been found in 
the Lower Cretaceous of the Atlantic Coastal Plain. 


Filicales — Incertae Sedis 


Genus Concavisporites PrLuc 1953 
Concavisporites sp. 
Plate 24, fig. 11 

Description: Trilete; laesurae long, to equator, straight, bordered by margo; equatorial contour trian- 
gular, strongly concave; exine psilate, 1.5 « thick; size about 40 u. 

Illustrated specimen: Slide 50028-S, grain 89, 108.2 X 19.8; South Amboy Fire Clay. 

Remarks: Very few specimens have been found up to the present, and no specific name was given 
therefore. 


Gymnospermae 


Cycadales and Ginkgoales (tentative assignment) 
Genus Monosulcites (ERDTMAN 1947, Cooxson 1947) ex CoupER 1953 
Monosulcites minimus Cookson 1953 
Plate 24, fig. 12 

Description: Monocolpate; colpus long, reaching poles, usually open at poles and closed at equator; 
grains pointed at poles; exine psilate or faintly scabrate, 1 thick; size about 30 X 15 w. 

Illustrated specimen: Slide 50078, grain 101, 112.9 X 20.5; Tuscaloosa formation. 

Remarks: There appears to be a considerable range in the size of M. minimus, and it is quite possible 
that it represents more than one plant species, or even genus. However, its morphological features 
strongly suggest affinity to Cycas or Ginkgo. 


Coniferales 
Family Podocarpaceae 
Genus Dacrydiumpollenites n. gen. 

Description: Disaccate, bladders small in relation to size of body; body has slightly greater breadth 
than length; transition between body and bladders not abrupt; body rugulate, bladders striate, with 
ridges radiating from the body. 

Type species: Dacrydiumpollenites rarus n.sp. here designated. 
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Dacrydiumpollenites rarus n. sp. 
Plate 24, fig. 13 
Description: Morphological characteristics as described above; total width about 50 «, total length 


about 45 u. 
Holotype: Slide 50078, grain 120, 107.9 X 19.4; Tuscaloosa formation. 


Genus Phyllocladidites Cookson ex Couper 1953 
Phyllocladidites? sp. 
Plate 24, fig. 14 

Description: Disaccate; body about 45 « wide and 40 « long, scabrate, without a distinct exine cap, 
but with a “loose” frill at its periphery; bladders small, about 25 X 25 u, crudely reticulate; total breadth 
58 u, total length 48 u. 

Illustrated specimen: Slide 50079, grain 69, 113.8 19.4; Tuscaloosa formation. 

Remarks: No specific name has been given because only one specimen has been found. 


Family Taxodiaceae or Cupressaceae 
Genus Inaperturopollenites PrLuc and THomson 1953 
Inaperturopollenites dubius PrLuc and Tuomson 1953 
Plate 24, fig. 15 
Description: Inaperturate; spherical or ellipsoidal, often somewhat irregular; exine very thin, about 
0.5 u, psilate or indistinctly scabrate, usually strongly folded; size about 35 u. 
Illustrated specimen: Slide 50343, grain 40, 107.7 X 19.1; Tuscaloosa formation. 
Remarks: Pollen of the Cupressaceae are very similar to I. dubius, and the writers believe that it 
belongs to this coniferous family. 


Inaperturopollenites hiatus (R. Potonié) Prtuc and TuHomson 1953 
Plate 24, fig. 16 
Description: Inaperturate; spherical, grain split open; exine psilate, thin, about 1 u or less; size 
about 35 u. 
Illustrated specimen: Slide 50343, grain 24, 116.8 X 20.0; Tuscaloosa formation. 
Remarks: This species is common in both the Upper and Lower Cretaceous of the Atlantic Coastal 
Plain (Groor and Penny 1960). 


Inaperturopollenites rugosus n. sp. 
Plate 24, fig. 17 
Description: Inaperturate, oval or irregular contour; exine distinctly scabrate, folded; size 25 to 35 u. 
Holotype: Slide 50058, grain 98, 120.0 X 15.9; Tuscaloosa formation. 
Remarks: This species differs from I. dubius mainly in its ornamentation. It is similar to pollen of 
Librocedrus. 


Family Araucariaceae? 
Genus Inaperturopollenites Prtuc and THomson 1953 
Inaperturopollenites atlanticus n. sp. 
Plate 24, fig. 18 

Description: Inaperturate; irregular contour; exine thin, usually less than 1 «u, clearly scabrate, 
with numerous folds; size about 60 to 70 u. 

Holotype: Slide 50343, grain 11, 119.5 20.7; Tuscaloosa formation. 

Remarks: This species is somewhat similar to Laricoidites magnus R. Poronté, but slightly smaller 
and with greater ornamentation. Some modern Araucarian pollen are similar to I. atlanticus. 
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Sequoiapollenites THIERGART 1938 
Sequoiapollenites sp. 
Plate 24, figs. 19, 20 

Description: Approximately spherical; exine psilate to faintly scabrate, slightly folded, 1 x thick; 
with a clearly developed germinal papilla, somewhat curved and about 3 u long; diameter of grain 
about 24 u. 

Illustrated specimen: Slide 40064, grain 169, 98.0 X 2.4; Magothy formation. 

Remarks: Since only two grains of this type were found, they have not been given a specific name. 
They are similar, however, to Sequoiapollenites polyformosus THIERGART described from the Tertiary of 
Germany. 

Family Pinaceae 
Genus Abietineaepollenites R. Poronız 1951 
Abietineaepollenites grandialatus Groor and Penny 1960 
Plate 24, fig. 21, and Plate 25, fig. 1 

Description: Disaccate; length and breadth of body about equal, 56 u; bladders large, clearly retic- 
ulate; body scabrate; proximal cap well-developed; overall breadth of grain about 85 u. 

Illustrated specimen: Slide 50039, grain 104, 114.0 X 15.8; Raritan-Magothy formation, undifferen- 
tiated. 

Remarks: The morphological characteristics of this species indicate its affinity to modern Pinus. 


Abietineaepollenites microreticulatus Groot and Penny 1960 
Plate 25, fig. 2 

Description: Disaccate; body about 75 u long and 60 u wide; bladders large, about 75 « in length 
and 42 „in breadth; bladders finely reticulate, 2 to 4 u mesh; overall breadth of grain about 95 u, length 
about 75 u. 

Illustrated specimen: Slide 50040, grain 190, 108.2 X 22.0; Raritan-Magothy formation, undifferen- 
tiated. 

Remarks: This species has the characteristic features of modern Picea pollen. 


Abietineaepollenites microsaccus n. Sp. 
Plate 25, fig. 3 
Description: Disaccate; body has considerably greater breadth than length; bladders relatively small, 
coarsely reticulate; body distinctly scabrate; exine cap well-developed, 2 to 3 « high, undulating; body 
about 55 u wide, 35 u long; bladders about 35 X 35 «; total width approximately 80 u. 
Holotype: Slide 50040, grain 102, 112.9 X 16.1; Raritan-Magothy formation, undifferentiated. 


Abietineaepollenites ornatus n. sp. 
Plate 25, figs. 4, 5 
Description: Disaccate; breadth of body exceeds length; bladders often obscure, reticulate; body is 
characterized by a very elaborate “frill”; total breadth highly variable, 50 to 90 u. 
Holotype: Slide 50019, grain 47, 104.2 X 19.2; Raritan Fire Clay. 
Remarks: This species is of a very unusual type, easily recognized because of its “frill”. Its generic 
affiliation within the Pinaceae is unknown. 


Genus Tsugaepollenites PoronıE and VENITZ 1934 
Tsugaepollenites sp. 
Plate 25, figs. 6, 7 
Description: Inaperturate; circular contour; exine thick, sturdy, coarsely verrucate; size 55 to 75 u. 
Illustrated specimens: Slide 50039, grain 135, 115.0 X 9.0; Raritan-Magothy formation, undifferen- 
tiated. Slide 50028-S, 103.9 22.0; South Amboy Fire Clay. 
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Angiospermae 


Monocotyledoneae 
Family Liliaceae 
Genus Liliacidites Couper 1953 
Liliacidites variegatus CourEeR 1953 
Plate 26, figs. 1, 2 

Description: Monocolpate, colpus long; oval meridional contour; exine clavate-reticulate, lumen of 
reticulum 1 to 2 u; projections about 1 « high; size approximately 30 X 20 u, but grains as large as 40 w 
and as small as 20 w have been observed. 

Illustrated specimen: Slide 50343, grain 107, 119.1 X 15.8; Tuscaloosa formation. 

Remarks: The specimens found in the Tuscaloosa and Magothy of the Atlantic Coastal Plain appear 
to be identical in every respect with those reported by Courer from the Upper Cretaceous to lower 
Oligocene of New Zealand. 


Dicotyledoneae — Incertae Sedis 
Genus Tricolpopollenites Prtuc and THoMson 1953 
Tricolpopollenites parvulus Groot and Penny 1960 
Plate 26, figs. 3, 4 
Description: Tricolpate; colpi rather short; grain about isodiametric, usually seen in polar view; 
exine psilate, about 1 « thick; size about 13 u. 
Illustrated specimen: Slide 50019, grain 65, 108.9 X 17.7; Tuscaloosa formation. 
Botanical affinity: Unknown. 
Remarks: Some morphological similarity to Tricolpopollenites liblarensis (THomMson), PrLuG and 
Thomson, for which an affinity to the Cupuliferae (Fagaceae) has been suggested. 


Tricolpopollenites debilis n. sp. 
Plate 26, fig. 5 

Description: Tricolpate; colpi long, wide open in polar view; prolate; exine psilate or faintly scab- 
rate, 0.75 u thick or less; size about 16 X 13 u. 

Holotype: Slide 50343, grain 17, 117.4 X 20.6; Tuscaloosa formation. 

Botanical affinity: Labiatae? 

Remarks: This species has very few morphological characteristics. The suggestion as to family 
affinity cannot be strongly supported. 


Tricolpopollenites simplicissimus n. sp. 
Plate 26, fig. 6 
Description: Tricolpate; colpi fairly long, wide open in polar view; prolate; exine psilate, about 1 u 
thick; size about 19 X 13 u. 
Holotype: Slide 50058, grain 76, 103.2 X 17.3; Tuscaloosa formation. 
Botanical affinity: Labiatae? 


Tricolpopollenites pumilis n.sp. 
Plate 26, fig. 7 
Description: Tricolpate; colpi long; exine sturdy, 1 « thick, scabrate with distinct projections about 
0.5 u high; prolate; size about 12 X 9 u. 
Holotype: Slide 50057, 106.6 X 23.4; Tuscaloosa formation. 
Botanical affinity: Unknown. 
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Tricolpopollenites crassimurus Groor and Penny 1960 
Plate 26, fig. 8 
Description: Tricolpate; colpi rather long, distinct; grain oval in equatorial view; exine scabrate, 
about 1 to 1.25 u thick; prolate; size about 28 X 22 u. 
Illustrated specimen: Slide 50039, grain 51, 119.5 X 19.6; Raritan-Magothy formation, undifferen- 
tiated. 
Botanical affinity: Quercus. 


Tricolpopollenites micropunctatus n. sp. 
Plate 26, fig. 9 

Description: Tricolpate; colpi long, distinct; exine scabrate, about 1 w thick; slightly prolate; size 
about 18 X 15 u. 

Holotype: Slide 50055, grain 19, 103.6 X 22.6; Tuscaloosa formation. 

Botanical affinity: Quercus? 

Remarks: This species is usually observed in polar view. It is similar to T. crassimurus, but smaller 
and not as strongly prolate. 


Tricolpopollenites micromunus Groor and Penny 1960 
Plate 26, figs. 10, 11 
Description: Tricolpate; colpi long, distinct; exine clavate-coarsely reticulate; size about 14 u. 
Illustrated specimen: Slide 50028-S, grain 97, 103.6 X 19.2; South Amboy Fire Clay. 
Botanical affinity: Unknown. 


Tricolpopollenites retiformis PrLuc and THomson 1953 
Plate 26, figs. 12, 13 

Description: Tricolpate; colpi long, distinct; exine consisting of endexine with a thickness of less 
than 1 w, and an ektexine with clavate or baculate projections about 1 « high, forming a fine-mesh 
reticulum; slightly prolate; size about 18 X 15 w. 

Illustrated specimen: Slide 50092, grain 1, 99.0 X 23.7; Tuscaloosa formation. 

Botanical affinity: Prtuc and THomson (1953) suggested Platanus for the more spherical grains of 
this type and Salix for the more prolate forms. The possibility of relationship with the Hamamelidaceae 
must not be overlooked. 

Remarks: T. retiformis differs from T. micromunus in size and reticulation. 


Tricolpopollenites platyreticulatus n. sp. 
Plate 26, figs. 14, 15 
Description: Tricolpate; colpi long; exine baculate-coarsely reticulate, individual projections a little 
over 1 u high, reticulum has a mesh of 2 to 3 u; slightly prolate; size about 18 X 15 u. 
Holotype: Slide 40063, grain 48, 103.0 X 22.4; Magothy formation. 
Botanical affinity: Ilex? 


Tricolpopollenites virgeus n. sp. 
Plate 26, figs. 16, 17 
Description: Tricolpate; colpi long, open; grain usually seen in polar view; exine consists of a thin 
endexine, about 0.5 « thick, and an ektexine with baculate projections about 0.5 « wide and 1 to 1.5 u 
high, forming a reticulum with 1.5 to 2 u mesh; size about 30 wu. 
Holotype: Slide 50057, grain 55, 116.5 X 18.2; Tuscaloosa formation. 
Botanical affinity: Ilex? 
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Tricolpopollenites tenuiformis n. sp. 
Plate 26, fig. 18 

Description: Tricolpate; colpi long; exine exhibits baculate projections about 1 « high, forming a 
fine-mesh reticulum; prolate; size about 30 X 20 u. ' 

Holotype: Slide 50079, grain 94, 113.3 X 17.7; Tuscaloosa formation. 

Botanical affinity: Unknown. | | 

Remarks: This species differs from other tricolpate, clavate- or baculate-reticulate pollen primarily 
because of its long, slender form in equatorial view. 


Tricolpopollenites extraneus n. sp. 
Plate 26, figs. 19, 20 
Description: Tricolpate; colpi long and bordered by well-developed margo; exine ornamented with 
dome-shaped projections, about 1.5 x at the base and nearly 1 « high, giving a reticulate pattern; size 
about 18 u. 
Holotype: Slide 50342, grain 66, 114.2 X 21.6; Tuscaloosa formation. 
Botanical affinity: Salix? 


Genus Tricolporopollenites Prtuc and THomson 1953 
Tricolporopollenites distinctus Groor and Penny 1960 
Plate 26, fig. 21 
Description: Tricolporate; colpi long, distinct; pores circular, about 2 « in diameter; no transverse 
furrow; exine psilate, about 1 « thick; prolate; size about 13 X 10 u. 
Illustrated specimen: Slide 50028-S, grain 104, 115.0 X 19.2; South Amboy Fire Clay. 
Botanical affinity: Unknown. 
Tricolporopollenites subtilis n.sp. 
Plate 26, figs. 22, 23 
Description: Tricolporate; colpi long and distinct, pores very small, about 1 « in diameter, probably 
rectangular, not well-developed; exine psilate, thin, less than 1 «; prolate; oval in equatorial view; size 
about 14 X 11 u. 
Holotype: Slide 50069-S, grain 101, 108.3 X 16.0; Tuscaloosa formation. 
Botanical affinity: Unknown. 


Tricolporopollenites orbiculatus n. sp. 
Plate 26, figs. 24, 25 
Description: Tricolporate; colpi fairly long, pores large, circular, 3 u in diameter; exine psilate, 
grain usually seen in polar view; slightly prolate; size about 19 X 17 u. 
Holotype: Slide 50004, grain 135, 111.9 X 18.7; Tuscaloosa formation. 
Botanical affinity: Unknown. 
Remarks: This species is morphologically similar to T. distinctus, but larger. 


Tricolporopollenites triangulus n. sp. 
Plate 26, fig. 26 
Description: Tricolporate; colpi long, distinct, pores well-developed, circular, about 1.5 to 2 u in 
diameter; grain usually seen in polar view; equatorial contour triangular; exine psilate, 1 « thick; size 
about 11 u. 
Holotype: Slide 50035-S, grain 134, 107.0 X 16.0; Raritan Fire Clay. 
Botanical affinity: Araliaceae? 
Tricolporopollenites fortis n. sp. 
Plate 26, fig. 27 
Description: Tricolporate; colpi long and distinct, pores 2 to 3 in diameter; exine psilate, sturdy, 
about 2 u thick; equatorial contour triangular; size about 18 u. 
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Holotype: Slide 50027, grain 1, 97.5 X 19.5; South Amboy Fire Clay. 
Botanical affinity: Rhamnaceae? 
Remarks: This species is distinguished from T. triangulus by its greater size and its thick exine. 


Tricolporopollenites globularis n. sp. 
Plate 26, figs. 28, 29 
Description: Tricolporate; colpi long, distinct; pores poorly-developed, about 2 to 3 u in diameter; 
exine distinctly scabrate, 1.5 to 2 w thick; grain spherical; about 30 u in diameter. 
Holotype: Slide 50343, grain 74, 103.7 X 17.2; Tuscaloosa formation. 
Botanical affinity: Cornaceae? 


Tricolporopollenites planus Groot and Penny 1960 
Plate 26, figs. 30, 31 
Description: Tricolporate; colpi fairly long, leaving only a small polar area; pores weakly-developed, 
about 3 « in diameter; equatorial contour circular, grains usually seen in polar view; exine distinctly 
scabrate, 1.5 « thick; size about 25 u. 
Illustrated specimen: Slide 50092, grain 108, 103.8 X 3.7; Tuscaloosa formation. 
Botanical affinity: Unknown. 


Tricolporopollenites insolitus n. sp. 
Plate 26, fig. 32 

Description: Tricolporate; pores clearly-developed, pore structure about 6 « in diameter, but pore 
opening is narrow; colpi (or pore canals?) are distinct, narrow and very short, leaving an exceptionally 
large polar area; grains are flattened (?) and seen in polar view only; equatorial contour triangular- 
convex; exine scabrate, about 1.5 u thick; size 28 to 33 u. 

Holotype: Slide 50092, grain 106, 101.8 X 7.7; Tuscaloosa formation. 

Botanical affinity: Symplocaceae? 


Tricolporopollenites bimurus n. sp. 
Plate 26, figs. 33, 34 


Description: Tricolporate; colpi rather short, leaving a considerable polar area; pores circular, about 
2 u in diameter; exine clearly consisting of an endexine and ektexine, each about 0.75 « thick, with 
clavate or baculate projections forming a finely reticulate pattern; equatorial contour triangular-convex; 
size about 15 u. 

Holotype: Slide 50079, grain 9, 112.2 X 24.2; Tuscaloosa formation. 

Botanical affinity: Unknown. 

Remarks: The ornamentation of this species is similar to that of Tricolpopollenites retiformis. 


Tricolporopollenites inaequalis n. sp. 
Plate 26, figs. 35, 36 


Description: Tricolporate; colpi long, distinct; pores about 2 «in diameter; exine consisting of a thin 
endexine and a relatively thick ektexine, total thickness 1.5 u; exine clavate-finely reticulate; grain 
oval-shaped in equatorial view; prolate; size 16 X 12 u. 

Holotype: Slide 50027-S, grain 111, 111.2 X 17.8; South Amboy Fire Clay. 

Botanical affinity: Flacourtiaceae? 


Genus Turonipollis Krutrzscu 1959 
Turonipollis americanus n. sp. 
Plate 26, fig. 41 


Description: Triporate; pores with vestibulum, pore structures radiating from a central body with 
circular equatorial contour; exine psilate or faintly scabrate, 1 to 1.25 « thick; size about 20 w, but vary- 


ing considerably. 
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Holotype: Slide 40063, grain 126, 116.2 X 17.3; Magothy formation. 


Botanical affinity: Unknown. ; 
Remarks: This species differs from Turonipollis turonis KRUTZSCH 1959 in that it has somewhat less 


protruding pores and is of smaller size. 
Genus Plicapollis PrLuc 1953 


Plicapollis magnus n. sp. 
Plate 26, figs. 42, 43 


Description: Triporate; pores somewhat protruding, with vestibulum which is 3 to 4 « wide, and 
annulus; equatorial contour triangular-concave; exine psilate or faintly scabrate, 1 to 1.25 « thick; size 


about 36 u. 
Holotype: Slide 40063, grain 146, 119.1 X 10.2; Magothy formation. 


Botanical affinity: Unknown. 
Remarks: This species is similar to Plicapollis serta PrLuc 1953, but considerably larger. It exhibits 


exine folds called endoplicae by Priuc. 
Plicapollis serta PrLuc 1953 


Plate 26, fig. 44 
Description: Triporate; pores with narrow pore opening, vestibulum and annulus; well-developed 
exine folds parallel to the equatorial contour which is triangular-slightly concave; exine psilate or faintly 


scabrate; size about 22 u. 
Illustrated specimen: Slide 50092, grain 62, 105.5 X 22.5; Tuscaloosa formation. 
Botanical affinity: Unknown. 
Remarks: The specimens found appear to have the same morphological characteristics as those 
described by PrLuc (1953), except that the latter are very slightly smaller. 


Plicapollis vulgatus n. sp. 
Plate 26, fig. 45 
Description: Triporate; pores with well-developed vestibulum, pore opening 1 to 1.5 « in diameter, 
small annulus; equatorial contour triangular; grain has a y-shaped area that appears to be thicker than 
the remainder of the grain; exine scabrate; size about 25 u. 
Holotype: Slide 40063, grain 143, 113.0 X 12.2; Magothy formation. 
Botanical affinity: Unknown. 
Remarks: This species is larger than Plicapollis silicatus Pruuc 1953, and scabrate rather than 
psilate. There are some interesting points of similarity between Plicapollis vulgatus and the pollen of 
the modern monotypic genus Rhoiptelea (Rhoipteleaceae) with its grandorate grains and “arci” extend- 


ing from aperture to aperture. 
Genus Sporopollis PrLuc 1953 


Sporopollis laqueaeformis WEyLAnD and GREIFELD 1953 
Plate 26, fig. 46 
Description: Triporate; pores protruding; pore opening narrow; a small vestibulum and annulus are 
present; equatorial contour of grain is triangular-slightly convex; exine psilate or faintly scabrate, less 
; body of grain has a clearly developed y-mark; 


? 


than 1 u thick, except near pore where it thickens to 1.5 u 
size of grain about 16 u. 
Illustrated specimen: Slide 50035-S, grain 69, 102.8 X 19.7; Magothy formation. 
Botanical affinity: Unknown. 
Remarks: This species was found by WEyLAnD and GRrEIFELD (1953) in the lower Senonian of Quedlin- 


burg, Germany. So far it is not known to occur in pre-Senonian sediments. 
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Genus Latipollis Krurzscu 1959 
Latipollis normis Krurzsch 1959 
Plate 26, figs. 47, 48 
Description: Triporate; tri-plane pollen usually seen in equatorial view; pore with annulus; exine 
psilate to indistinctly scabrate; size varying considerably, 15 to 30 u. 
Holotype: Slide 40063, grain 115, 99.8 X 19.8; Magothy formation. 
Botanical affinity: Unknown. 


Genus Quedlinburgipollis Krurzscu 1959 
Quedlinburgipollis minimus n. sp. 
Plate 26, fig. 49 

Description: Triporate; pore structure asymmetrical, about 5 « in diameter, with annulus; equa- 
torial contour triangular-convex; exine scabrate, thin; size about 15 u. 

Holotype: Slide 50036-S 2, grain 115, 113.8 15.0; Magothy formation. 

Botanical affinity: Unknown. 

Remarks: This species has the same morphological characteristics as Q. altenburgensis Krurzscu 
1959, except for ornamentation. 

Genus Trudopollis PrLuc 1953 
Trudopollis conrector PrLuc 1953 
Plate 26, fig. 52 

Description: Triporate; pore openings narrow, well-developed annulus, large vestibulum; equatorial 
contour triangular-slightly convex; exine scabrate, 1 u thick; size about 30 u. 

Illustrated specimen: Slide 40100, grain 52, 106.2 X 22.0; Magothy formation. 

Botanical affinity: Myrtaceae? 

Remarks: One of the most characteristic species of the Magothy formation. PrLuc (1953) made no 
suggestion as to the botanical affinity of his type. However, as far as one can estimate from the illustra- 
tions in BoLkHOViTINA (1953), Trudopollis conrector is similar to Eucalyptus colorata BoLkHoviTINA which 
is compared with modern Eucalyptus pauciflora SIEB. 


Pollen Not Classified 


Genus Triporopollenites Prtuc and THomson 1953 
Triporopollenites sp. 1 
Plate 26, fig. 37 
Description: Triporate; pores of simple construction, without vestibulum or annulus, not protruding; 
equatorial contour triangular-convex; exine psilate, 1 to 1.25 w thick. 
Illustrated specimen: Slide 40063, grain 19, 106.8 X 23.0; Magothy formation. 
Botanical affinity: Unknown. 
Triporopollenites sp. 2 
Plate 26, fig. 38 
Description: Triporate; pores small, about 1.5 « in diameter, not protruding, no vestibulum, small, 
low annulus; equatorial contour triangular-convex; exine psilate or faintly scabrate, about 1 « thick; 
size 11 to 16 u. 
Illustrated specimen: Slide 40063, grain 151, 105.1 X 7.1; Magothy formation. 
Botanical affinity: Unknown. 


Triporopollenites sp. 3 
Plate 26, fig. 39 


Description: Triporate; pores slightly protruding, with annulus, about 4 «in diameter, circular; equa- 
torial contour triangular-strongly convex; exine scabrate, 1.5 « thick; size about 26 u. 
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Illustrated specimen: Slide 40100, grain 112, 109.7 X 21.3; Magothy formation. 

Botanical affinity: Unknown. | 

Remarks: This species appears to be similar to Triporopollenites robustus PrLuc 1953, for which a 
Betulaceae affinity was suggested. 


Triporopollenites sp. 4 
Plate 26, fig. 40 
Description: Triporate; pores small, diameter about 1.5 y, without vestibulum and annulus; equa- 
torial contour nearly circular; exine faintly scabrate, 0.5 u thick, somewhat folded; size about 12 u. 
Illustrated specimen: Slide 50342, grain 58, 116.2 X 21.1; Tuscaloosa formation. 
Botanical affinity: Unknown. 


Genus Vacuopollis PrLuc 1953 


Vacuopollis sp. 1 
Plate 26, fig. 50 


Description: Triporate; pores simple, without vestibulum or annulus; equatorial contour triangular- 
concave; exine scabrate, thin, less than 1 «; an indistinct exine thickening parallel to equatorial contour 
can be observed in most grains; size about 17 u. 

Illustrated specimen: Slide 50036-S 2, grain 151, 113.2 X 13.5; Magothy formation. 

Botanical affinity: Unknown. 

Remarks: This species is similar to Vacuopollis semiconcavus PrLuc 1953. 


Vacuopollis sp. 2 
Plate 26, fig. 51 


Description: Triporate; pores protruding, without vestibulum or annulus; pore opening 1.5 « in dia- 
meter; equatorial contour triangular with straight sides; exine clearly consisting of endexine and ekt- 
exine, about 1 « thick, scabrate; size 28 u. 

Illustrated specimen: Slide 50078-Z, grain 21, 97.6 X 19.9; Magothy formation. 

Botanical affinity: Unknown. 
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Explanation of Plates 


Plate 24 
Fig. 1 Sphagnumsporites psilatus (Ross) Couper 1958 
Figs.2—4  Lycopodiumsporites clavatoides Couper 1958 
Fig. 5 Todisporites? sp. 
Figs. 6, 7 Appendicisporites tricornitatus WEYLAnD and GREIFELD 1953 
Fig. 8 Cicatricosisporites dorogensis R. Potonié and GELLETICH 1933 
Fig. 9 Cyathidites minor Couper 1953 
Fig. 10 Alsophilidites kerguelensis Cookson 1947 
Fig. 11 Concavisporites sp. 
Mig 12 Monosulcites minimus Cooxson 1953 
Fig. 13 Dacrydiumpollenites rarus n.sp. - 
Fig. 14 Phyllocladidites? sp. 
Fig. 15 Inaperturopollenites dubius PrLuc and Thomson 1953 
Fig. 16 Inaperturopollenites hiatus (R. Poronis) Prtuc and Tmomson 1953 
Fig. 17 Inaperturopollenites rugosus n. sp. 
Fig. 18 Inaperturopollenites atlanticus n. sp. 
Figs. 19,20 Sequoiapollenites sp. 
IH ZA Abietineaepollenites grandialatus Groot and PENNY 1960 
Plate 25 
Fig. 1 Abietineaepollenites grandialatus Groot and PENNY 1960 
JBL Abietineaepollenites microreticulatus Groot and Penny 1960 
Fig. 3 Abietineaepollenites microsaccus n. sp. 
Figs. 4, 5 Abietineaepollenites ornatus n. Sp. 


Figs. 6, 7 Tsugaepollenites sp. 
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Plate 26 


Liliacidites variegatus Courer 1953 
Tricolpopollenites parvulus Groot and Penny 1960 
Tricolpopollenites debilis n. sp. 

Tricolpopollenites simplicissimus n. sp. 
Tricolpopollenites pumilis n. sp. 

Tricolpopollenites crassimurus Groot and PENNY 1960 
Tricolpopollenites micropunctatus n. sp. 
Tricolpopollenites micromunus Groot and Penny 1960 
Tricolpopollenites retiformis PrLuc and THomson 1953 
Tricolpopollenites platyreticulatus n. sp. 
Tricolpopollenites virgeus n. sp. 

Tricolpopollenites tenuiformis n. sp. 
Tricolpopollenites extraneus n. sp. 
Tricolporopollenites distinctus Groot and PENNY 1960 
Tricolporopollenites subtilis n. sp. 
Tricolporopollenites orbiculatus n. sp. 
Tricolporopollenites triangulus n. sp. 
Tricolporopollenites fortis n. sp. 

Tricolporopollenites globularis n. sp. 
Tricolporopollenites planus Groor and Penny 1960 
Tricolporopollenites insolitus n. sp. 
Tricolporopollenites bimurus n. sp. 
Tricolporopollenites inaequalis n. sp. 
Triporopollenites sp. 1 

Triporopollenites sp. 2 

Triporopollenites sp. 3 

Triporopollenites sp. 4 

Turonipollis americanus n. sp. 

Plicapollis magnus n. sp. 

Plicapollis serta PrLuc 1953 

Plicapollis vulgatus n. sp. 

Sporopollis laqueaeformis WEXLAnD and GREIFELD 1953 
Latipollis normis Krurzscu 1959 

Quedlinburgipollis minimus n. sp. 

Vacuopollis sp. 1 

Vacuopollis sp. 2 

Trudopollis conrector Priuc 1953 
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D. A. Eggert: The Ontogeny of Carboniferous Arborescent Lycopsida. 
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Palaeontographica Bd. 108. Abt. B. Plate 12 


D. A. Eggert: The Ontogeny of Carboniferous Arborescent Lycopsida. 


Palaeontographica Bd. 108. Abt. B. Plate 13 


D. A. Eggert: The Ontogeny of Carboniferous Arborescent Lycopsida. 
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D. A. Eggert: The Ontogeny of Carboniferous Arborescent Lycopsida. 
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D. A. Eggert: The Ontogeny 


of Carboniferous Arborescent Lycopsida. 
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Plate 16. 


Palaeontographica Bd. 108. Abt. B. 


D. A. Eggert: The Ontogeny of Carboniferous Arborescent Lycopsida. 
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H.Weyland und H.D. Pflug: Beiträge zur fossilen Flora des Braunkohlenbeckens von Megalopolis. 
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Beiträge zur fossilen Flora des Braunkohlenbeckens von Megalopolis. 
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Palaeontographica Bd. 108. Abt. B. Taf. 19 


H. Weyland und H. D. Pflug: Beitrage zur fossilen Flora des Braunkohlenbeckens von Megalopolis. 
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Beiträge zur fossilen Flora des Braunkohlenbeckens von Megalopolis. 
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H. Weyland und H. D. Pflug: Beitrage zur fossilen Flora des Braunkohlenbeckens von Megalopolis. 
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H. Weyland und H. D Pflug: Beiträge zur fossilen Flora des Braunkohlenbeckens von Megalopolis 
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Taf. 23. 


H. Weyland und H. D. Pflug: Beiträge zur fossilen Flora des Braunkohlenbeckens von Megalopolis. 
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Palaeontographica Bd. 108. Abt. B. Plate 24. 


J. J. Groot, J. S. Penny and C. R. Groot: Plant microfossils and age of the Raritan, Tuscaloosa and Magothy formations. 
=. GTropt, One RARE ; 


4 


7 


oe 


\ 
r —— j : 
7 
ih 
à. 
Lis 
» . 
= 
a < 
=e = 2 . = 
2 = 
=" | 
+ ne 
N : : 
= 5 : 
~ 
4 
. . 
| u 
| Te f = 
: _ 
| -_ 
” 4 | 
SE 
=: = 
ns. 
ene, - À 
u in 
wi 
f 
> = 1 
’ 
: . 


4 


ES 


| en ® ' 3 Er 
EEE RE u se 
- A 7 LI 


Palaeontographica Bd. 108. Abt. B. Plate 25 
late 25. 


J. J. Groot, J. S. Penny and C. R. Groot: Plant microfossils and age of the Raritan, Tuscaloosa and Magothy formations. 
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J. J. Groot, J. S. Penny and C. R. Groot: Plant microfossils and age of the Raritan, Tuscaloosa and Magothy formations. 
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E.Schweizerhart’sche Verlagsbuchhandlung (Nägele u. Obermiller) in Stuttgart W 


Neuerscheinung 1961 


® @ e 
Bibliographie 
stratigraphisch wichtiger mikropaläontologischer Publikationen von etwa 1830 bis 1958 
mit Kurzreferaten 


Zusammengestellt und bearbeitet von 


Dr. habil. H. Hiltermann 
Bundesanstalt für Bodenforschung Hannover 


unter Mitwirkung von Dr. G. ENGEL; Hannover 
Dr. M KAEVER, Hannover 
Dr. HERTHA SIEVERTS-DORECK, Stuttgart 


V, 403 Seiten, Format 16 X24 cm, erscheint ab März 1961 in 5 Lieferungen zu 
je DM 18.80 + Broschiert DM 94.— + Monatlich wird 1 Lieferung ausgegeben. 


Für wissenschaftliche wie für praktische biostratigraphische Arbeiten liegt eine der hauptsächlichsten 
Schwierigkeiten darin, die außerordentlich verstreute Literatur zu erfassen. Die bisher erschienenen Lehr- 
und Handbücher reichen meist nicht, das Wichtigste herauszufinden. 

Angesichts der Zahl der Zehntausende betragenden Veröffentlichungen erfolgte die Auswahl der gesamten 
Publikationen unter dem Gesichtspunkt, dem stratigraphisch arbeitenden Paläontologen und Geologen eine 
allgemeine Orientierungsmöglichkeit in die Hand zu geben. Viele Schriften, die für die Stratigraphie nicht 
unmittelbar von Bedeutung sind, mußten fortgelassen werden. Auch in den jeweils beigegebenen Kurz- 
referaten wurden bewußt nur die für die stratigraphische Mikropaläontologie wichtigen Hinweise gegeben. 
Taxionomische Fragen wurden dabei nur insoweit gestreift, wie sie für die Biostratigraphie wesentlich 
erscheinen. Die hierfür immer entscheidender werdenden taxionomisch-phylogenetischen Untersuchungen 
bleiben den geplanten Nachträgen vorbehalten, wenn die Grundlagenforschung weiter vorgeschritten ist. 
Auf insgesamt 403 Seiten hat der Verfasser unter Mitarbeit von Herrn Dr. G. EnceL, Herrn Dr. M. KAEvER 
und Frau Dr. HERTHA SIEVERTS-DoREcK 3210 Literaturzitate zusammengestellt. Die wichtigsten Arbeiten von 
allen Ländern der Erde, in denen Mikropaläontologie betrieben wird, sind hier mit großer Sorgfalt kata- 
logisiert und besprochen worden. Ein ausführliches Autoren-, Orts- und Sachregister dient zum schnellen 
Auffinden einer gesuchten Arbeit. 

Wir sind überzeugt, daß dieses Buch für alle Geologen und Paläontologen, die aus wissenschaftlichen oder 
praktischen Gründen mit Mikrofossilien Stratigraphie treiben, eine große Hilfe ist. Besonders wird es die 
Erdölindustrie und der Bergbau begrüßen, wenn ihnen eine so umfassende Bibliographie zur Verfügung steht. 


Ein ausführlicher Prospekt mit Inhaltsübersichten steht gerne kostenlos zur Verfügung. 


2., neubearbeitete und stark erweiterte Auflage 


Geologie von Mitteleuropa 


Von Dr. Paul Dorn + 
o. Professor der Geologie an der Techn. Hochschule Braunschweig 


1960, XVI, 483 Seiten, 126 Abbildungen im Text und auf 10 Beilagen, 20 Tafeln 
sowie 11 Tabellenbeilagen und 1025 Literaturangaben : Format: 16 X 24 cm. 
In Leinen gebunden DM 64.—. 


Noch ehe Professor Dorn seinem fertig vorliegenden Manuskript die letzte Form geben konnte, mußte er 
aus dem Leben scheiden. In dankenswerter Weise hat es Herr Professor Dr. R. Brinkmann, Bonn, unter 
Mitarbeit von Dr. E. Michael, Braunschweig, und Dr. V. J acobshagen, Bonn, noch einmal durchgesehen, 
u, = wenig wie möglich Korrekturen eingefügt wurden, um den persönlichen Stil des Werkes nicht 
anzutasten, 

Mit der 2. Auflage der „Geologie von Mitteleuropa“ ist jetzt wieder ein Werk erhältlich, das die neuesten 
Ergebnisse der geologischen Untersuchungen Mitteleuropas beriicksichtigt. In den ersten Nachkriegsjahren 
wurden die während des Dritten Reiches durchgeführten Reichsbohrungen und geophysikalischen Unter- 
suchungen der Wissenschaft zugänglich gemacht, die Olgesellschaften öffneten ihre Bohrarchive und ermög- 
lichten ihren Geologen deren wissenschaftliche Auswertung. Gerade während der allerletzten Jahre sind 
dazuhin eine Unmenge von wichtigen Arbeiten erschienen, die für das Verständnis des geologischen Baues 
Mitteleuropas wesentlich sind; insbesondere sind durch die rege Erdölexploration eine große Zahl von neuen 
Erkenntnissen bekannt geworden. Erinnert sei beispielsweise an die erste Erbohrung des Grundgebirges 
unter der Süddeutschen Molasse in der Bohrung Scherstetten oder die neuen geophysikalischen Unter- 
suchungen am Alpenrand. 


Für den an Mitteleuropa speziell interessierten Wissenschaftler, Geologen, Paläontologen Petrographen und 

Mineralogen ist dieses Buch eine hervorragende Zusammenfassung, die bei der ungeheuer angewachsenen 

Stoffiille heute besonders wichtig erscheint. Für den Studierenden der Naturwissenschaften, alle Geo- 

graphen und naturwissenschaftlich orientierten Lehrer bedeutet dieses Werk eine ausgezeichnete Einfüh- 

rung in den geologischen Bau Mitteleuropas und dessen Stratigraphie. Dazuhin wird das Buch für die an- 

relie Geologie, die Berg- und Hüttenfachleute sowie die Industrie der Steine und Erden ein wichtiger 
geber sein: 


Ein ausführlicher Prospekt mit Inhaltsübersicht steht gerne zur Verfügung. 


